elezitony 


crescendo: 


the power 
supply: 


triopodus 
-electrus 
diclopus: 


ioniser: 


748273 
7418279 
74LS283 
74LS293 
7418299 
748323 
748324 
74LS348 
74LS352 
74LS353 
74LS363 
74LS364 
74LS365A 
74LS367A 
7ALS368A 
74LS373 
748374 
748375 
748377 
74LS378 
74LS390 
74L$393 
74LS399 
74LS445 
74LS840 
74LS541 
7418610 
74LS640 
74tS641 
74.642 
7aLS643, 
7aLS644 
74LS668 
74LS669 
74.8670 
74LS682 
74LS684 


74LS00 
74LS02 
74LS03 
74LS04 
74LS05 
74LS08 
74LS09 
74LS10 
7aLs11 
74LS12 
741813 
74LS14 
74815 
74LS20 
74821 
74.S27 
74LS30 
74LS32 
74t$33 
74.837 
74LS38 
7aLsa2 
7aLsa7 
74S51 
7a.$85 
74.873 
74874 
74875 
74LS76 
74.883 
74LS85 
74.886 
74LS90 
74Ls92 
74L$93 
74LS96 
74.$107 
74L$109 
7ALS112 
7ALS113 
7aLsi14 
74L$122 
74LS123 
74LS124 
74LS125A 
74LS126A 
74LS132 
74tS133 
74LS136 
74LS138 
74LS139 
7aLs145 
74.si47 
74LS148 
748181 
74LS153 
748154 
74L8155 
74LS156 
74.8157 
74LS188 
7ALS160A 
74LS 161A 
74LS162A 
74LS163A 
74LS 164 
7ALS165A 
74LS166A 
74.8170 
74LS173A 
74atsi74 
74Ls175 
74.8181 
74L$190 
74.191 
74LS192 
748193 
74LS194A, 
7ALS195A 
74.8196 
74.8197 
74L$221 
74LS240 
74241 
7aLs242 
7aLS243 
748244 
74LS245 
74LS247 
74LS248 
74LS249 


‘4000 CMOS. 


40107, 
40108 
40109 
40110 
40114 
40257 
4502 
4503 
4507 
4508 
4510 
4511 
4512 
4514 
4515 
4516 
4518 
4519 
4520 
4521 
4526 
4527 
4528 
4531 
4532 
4534 
4536 
4538 
4539 
4541 
4543 
4563 
4555 
4556 
4557 
4560 
4566 
4568 
4569 
4572 
4583 
4584 
4585 
4599 
4724 
40014 
40085 
40097 
14411 
14412 
14433 
14495 
14500 
14599 
022100 
€022101 
22102 


746928 


ZN1040€ 


600p 
ICM72168 2000p 
ICM7217A 850p 
MK50398N 750p 
670 


‘AY1-0212 
AY1-5050 
AY3-8910 
AY3-8912 
‘AY5.40070 
CA3019 
CA30280 
CA3046 
CA3080€ 
CA3086 
CA3089E 
CA3090A0 
CA31306 
CA3140€ 
CA3160€ 
CA3I61E 
CA3162€ 
CA31B9E 
DAC1408-8 
HA1388 
ICL7106 
18038 
LF351 
LF356P 
Lmtoc 
LM301A 
M310 
um3it 
M318 
M319 
M324 
M339 
tm3a 
Lm3seP 
M377 
380 
LUM3B1AN 
M386 
u3e7 
tm3a9 
(393 
Um394cH 
L709 
Lm710 
um 
M733 
um741 
um7a7 
tm748 
M1886 
um1889 
2917 
M3900 
M3909 
tma911 
M3914 
M3915 
(M3916 
LM13600 
MB3712 
Mc1310P 
Mc1458 
MC1495L. 
Mc1496 
Mc3340P 
Mc3401 


VOLTAGE REGULATORS 
Fixed Plastic T0220 


100mA +ve 


Sv 78L05 
2v_ 78L12 


15v 7815 


LM309K 
(M317T 
LM323K 
M723 
78GUIC 
78HOS 
7BHGKC 


7905 
7908 
7908 
7912 
7915 
7918 
7924 


10-92 

30p 79L05 
30p 79L12 
50p_79L15 


78MGT2C 
79GUIC 
7SHGKC 
78PO5 
RC4195NB 
TL497 


OPTO-ELECTRONICS 


2N5777 
ocp71 
ORPI2 
TIL32. 


40p ORPEO 
250p ORPS 
90p TIL78 

55p 


‘OPTO-ISOLATORS 


1074 
MCT6 
MOC3020 


TIL220 Red 
710222 Gr 
T1228 Ye 
Rectangular 


DL 704 
0L707 Red 
L707 Gr 
OL 747 Red 
OL 747 Gr 
FNO357 
FNDS500 
FNO507 
MAN3640 
MANA640 
MAN6610 


3130p THL11 
Gop THL112 
150p TIL116 


0.2” 
10p TiL209 Red 
tap TIL212 Ye 
15p TIL211 Gr 
LEDS (R,G,Y) 


DISPLAYS 


‘1409p NSB5881 
140p THL311 
14op TIL312/3 
225p TW321/2 
225p TIL330 
‘120p 7750/60 
‘90p BARGRAPH 
90D DRIVERS 
200p 9368 
200p 9370 
200p UDN6118 
UDN6184 


LINEAR ILCs 
MEID. 
MK50398 
ML920 
MMs7160 
NES31 
NESSES: 
NESE 
NES64 
NES6S 
NES66 
NES67 
NES71 
NE5S34A, 
RC4136 
RC4151 
$8668 
SAA1900 
SAD1024A 
SFF96364 
SL490 
‘SN76477 
SP8515 
TA7205 
TAAS50 
TAA621 
TBAG4IAX1 
TBAG41Bx1 
TBAGAIB 
TBA6S1 
TBA8O0 
TBABIO 
TBA820 
TBAS5O 
T9109 
TCA210 
TCA220 
TCA940 zgocTc 
TDAIOO4A 280S10 
TOA1008 
TOA1010 Lor 
TOAI022 
TOAI024 
TOA10348 
TDA1170 
TOA2002V 
TOA2020 
TL071/81 
1072/82 
TLO74 
TLOB3 
TLOB4 
TLO94 
TL170 
UAAI70 
ULN2003 
XR2206 
2Na14 
ZN419C 
ZN424E 
ZN425E 
2N426E 
ZNA27E 
2N428E 
ZN1034€ 
ZN1040E 


2NA234 
ZNAI34 


Sing! 


Sing! 


Sing 


Plug 
tacle 
BC557B 


‘C5588 
BC559C 


BCY71/2 


80131 
80132 
B0135 
BD136 
80139 
82418 
802428 
BF244B 
BF2568 
BF257/8 
BF259 
BF337 


8C179¢ 
BC182/L 
BC183/L 
ac184/t 
BC212/L 
BC213/L 
BC214/L 
C327 
C337 
8C338 
C477 


BFYS2 
BFYO 
MJ250 
8C516/7 fens 
hed M3001 
ecstec MJE295% 
BCsaaC MJE30 

DIODES 
BY127 12p 
OAM? §p 
0A90 9p 
OAS] Sp 
OAS5 
A200 90 
A202 10p 
INSI4 4p 
IN4148 4p 
IN4001/2. Sp 
1N4003/4 5p 
IN4006/7 7p 
IN5401/3 14p_ 
INS404/7 19p 
1s920 9p 

PCB MOUNTING 

DIL RELAYS 


6yDC 100R coil 
SPDT 2A 24v DO 
20VAC «£1.60 
12v DC 400A coil 
SPDT 2A 24v DC 
120vAC £1.60 
12v0C 

270R coil 

‘SPOT 10A 24v 0C 
230vAC £2.25 
12v DC 

200R coil 


2AS0V 


6ASOV 


Double End 210p 230p 
24” Ribbon cable with sockets 


Double End 290p 385p 
24”” Ribbon cable with edge conn. 


24"” Cable with 25 way D Connector 
Male 500p 


Header 
Recep. 


Edge 
Conn 


BFABO/8 
BFYSO/51 


vA100V 
1A600V 


2A100V 
2A400V 
3A200V 
4A100V 
4Aa00V 


GAI00V 
6A400V 
BAI00V 150p 
10A100V 3180p 
10A400V 200, 


CRYSTALS 


VOOKHe 
200KHz 
MHz 
1.008MH2 
1.843MHz 
2.0MHz 
2.457MHz 
3.276MHz 
3.57945MH2 
4.0MHz 
4.19MHz 
4.43MHz 
5,068 MHz 
6.0MHz 
7.0MHz 
B.0MHz 
8.867MHz 
10,7MHz 
15.0MHz 
18MHz 
24.00 MHz 
26.690MHz 
27.145MHz 


INTERFACE ICS 


650p 
1200p 
350p 
225p 
250p 
650p 
1100p. 
2250p 
450p 
£18 
290p 
320p 


2516 
2564 
2708 
2716 
2532 
2732 
2716 300nS 
2732 300nS 
2764 


2102-20 
21078 
211-4L 
212 
2114L, 
214L-2 
4027 
AN16L-2 
ane 
4164 
4B16AP-3 
5101 
6116P-3 
6116LP-3 
6514 
6810 


AY-5-1013P 
AY-5-1015P 
Imeaoz 
TR1602 


71301 
745188 
748201 
745287 
748387 
748470 
748471 
748571 
748573 
825123 
928137 
93427 

93436 

93446 


CRT 5037 
CRT 6545, 
Mc6B45, 
Mce6847 
SFF96364 


MODULATORS 
6MHz UHF 375p 
BMHz UHF 45 
Seer TELETEXT 


EF9366 DECODER 
7Ms9927 AA5O20 6 
193448 aoe ‘SAA5030 £9 

‘BAUD RATE SAASOS1 £16 
GENERATOR ENCODER, SAA5050 £9 


‘AY5-2378 700p] EF9340 ——700p 
COMBIIG 7200p | r4cog2N _420pi| EFa341 


23 £9 |Mciaatt 700p 
)W PROFILE DIL SOCKETS BY TEXAS WIRE WRAP SOCKETS BY TEXAS 


9p 18pin 6p 24pin 24 30p 18pin 5p 24pin 
18p 28pin 6p 35p 20pin 60p 28pin 
2p 40pin 30 40p 22pin 65p 40 pin 


JUMPER LEADS EURO CONNECTORS 


70p 
80p 


22 pin 100p 


24” Ribbon cable with DIP Headers 


14 pin 16 pin 
le End 145p 165p 


24 pin 
240p 
3245p 


DIN 41612 2 « 32-way 
angled 2 32-way 
angled 3x 32-way 
(for 2 * 32 way specify a + bora + ¢) 
DIN 41617 31-way 200p 
MIN. D CONNECTORS 
‘Sway 1Sway 25 way 
MALE 
135p 
230p 
FEMALE 
190p 
240p 


20 pin 26pin 
le End 160p 210p 


34 pin 
270p 
490p 


20 way 34 way 40 way 
le End 275p §25p  600p 


50 way 
650p 
solder 
angled 


6p 
160p 


200p 
Female 540p 265 
IDC CONNECTORS 
TO way 20 way 26 way 34 way 40 way solder 
angled 
hood (top/ 
sideentry) 100p-—100p. 
25 way Centronix Type Conn, 
37 way Centronix Type conn. 


125p 
175p 


245p 
310p 
90p 150p 200p 240p 270p 

100p 
90p 165p 200p 240p 270p 


380p 560p 


2N2905A 
2N3053 
2N3054 
2N3055 _35p 
2N3442_140p 
2N3702/3 10p 
2N3704/5. 10p 
2N3773 200p 
2N3819 
2N3820 
2N3866 
2N3904/6 15p 
2N4871 
2N5245 


200p 250p 320p 


MPF 102 
MPF103/4 
MPF105 
MPSAI2 
TIp29C 
TIP31B, 
TIP3IC 
TIP32A/C 
TIP32C. 
THP33c 
TIP35C 
TIP36C 
TIpatc 
TIPAZA 
TIPA2C. 
T1p47 

T1psa 
TIP2955 — 60p. 
TIP3085 60p 
2N2160_ 295p 
2N2219A 25p 
2N2222A 25p 
2N2484 5p 
2N2646__45p 


KEYBOARD 
SWITCHES 
‘Sq. Switch 
Digitast 
Mini Digitast 
Specify Colour 


E24 EXPERIMENTOR 
Fd BREADBOARDS 
50p 
75p 
75p 


VALVO HUMIDITY SENSOR 
BL30 HR COIL 
MINI ORGAN IC SAA1900 


VERO BOARD 
(COPPER CLAD) 
2.5" x5" 90p 
25"%3.75"  BOp 
MICRO BOARD 
Single Eurocard £3.80 
Double Eurocard £5.25 


Vero Wiring Pen £3.40 
Wire Wrapping Too! £4.70 
Voropins (100/pkt) 0p 
Spotface cutter £1.30 
Pin Insertion Tool £1.80 


2N5459 
2N6027 
3N128 
9N140/1 
40673 
(225p 
S0p 
225 
5 130p 
- LOGIC PROBE KIT 


ELEKTERMINAL KIT £50 + 70p p & p. 


HOUSEKEEPER 


Full Kit as described in May Elektor 
Sockets for all |.C.’s 2K Prog EPROM 


£55 + £1p&p 


Power Supply 1-84 8V 
suitable for the Housekeeper 


£7 + £1.10p&p 
£86 plus £1 p & p 


£12 


TASOV 70p 
5A400V 50p 
8A600V 140p 
16A100V200p, 
C1060." 45p 
MCRI01. 36p 
TiC4436p 
2N3525 130p 
2N4a44 140p 
2N5060/4 40p 

ZENERS 


2.N-33V 
400MW 


RAMS 
Wi ip 
JUNIOR COMPUTER KIT 
All Junior Computer Extension Boards available 
JUNIOR COMPUTER BOOK: 1£4 2,3&4£4.50ea 
TV Games Extension boards available. 
ELEKTERMINAL KIT £50 (plus £1 p & p) 
TELETEXT DECODERKIT £85 (plus £1 p & p)- 
(Decoding Board and Keyboard Elektor Nov, 81) 
Reprint of Teletext articles £1.25 (plus large SAE) 
PROGRAMMED EPROMS 
2 x 2716 Intelekt Chess ea £8 
£8 2716 TV Games £8 
71301 Elekterminal £7 


Plastic 
3A 400V 
5A 400V 
6A 500V 
8A400V 
BASOOV 95p 
12A500V 105p 
16ABOOV 130p 
1.28000 130p 
12060 0p 
712260 70p 
120p 


(p & p/book 7p) 


Junior Computer 
2708 Basic 
2716 Tape Management £8 


* SPECIALOFFER * 


POT 5A 24v DC 
230vAC £2.25 


2716Prog.Management £8 


2716 Disco Lights £8 


74LS251 
74L$253 
74.8257 
74LS258 
74LS259 
74LS266 


TECHNOMATIC Lrp 


MAIL ORDERS TO: 17 BURNLEY ROAD, LONDON NW10 1ED 
SHOPS AT: 17 BURNLEY ROAD, LONDON NW10 
(Tel: 01-452 1500, 01-450 6597. Telex: 922800) 
305 EDGWARE ROAD, LONDON W2 


82S23 Interface £5 


2716 Housekeeper £8 7 ; 
PCBs for most Elektor Projects available 


SEE OUR FULL PAGE ADVERT IN THIS ISSUE FOR DETAILS ON 
BBC COMPUTER, PRINTERS etc. 


PLEASE ADD 40p p&p & 15% VAT 
(Export: no VAT, p&p at Cost) 
Orders from Government Depts. & Colleges et 


Detailed Price List on request 
Stock items are normally by return of post. 


82S23 Freq. Counter (IC 3C4) ea £5 
2114u 809 
2716 (+5V) 250p 
2532 360 


DIL REED RELAYS 


5-10v DC coil 


OSASPDT £2.25 


welcome 


| aS 


contents 
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SGIGKLON MT iit. trates re wie etetonene sy ats nee euatetesebepenene By ccacte ci 


HHODOUE + cages oS Eee Fe On eae Roe Oe ee aeeain® net 
An idea from J. Cornelissen 

A cybernetic model belonging to the ‘Triopodus Electrus Diclopus’ family 
or TED for short. In normal terms it means: a light seeking, three wheeled, 
electromechanical hybrid. For your domestic pet it will be a close encoun- 
ter of the third kind. 


precision power supply . . Rieti ae a uw cnmmaptn area eng ceva vata 
A precision power supply Snake of providing up to 3 amps at 35V, 
incorporating both current limiting and short circuit protection. Meters are 
included to enable current and voltage output levels to be monitored. Ideal 
for testing high power equipment! 


the XL system ........... Save ad re ee rea ee 
An introduction to the new Elektor XL audio system. A brief outline of 
the different parts which will ultimately form a complete high quality 
audio system. 


CRASCOMAO: Giccrcvestinn. selec d no cuaveraziser tect te ate anh aceVape tote a Oa 
The start to our XL system. A high quality symmetric/eomplementary 
MOSFET stereo power amplifier easily delivering 140 W into 8Q. It is 
short circuit proof, includes speaker protection, power meters, temperature 
and power-up indication. An amplifier which will leave any serious minded 
audiophile speechless! 


home telephone Helis < gsc wiawecs oaks eircee se eae ee aT 
W. Wijnen 

The beginning of our technical answers section. Further modifications to 
the telephone system published in the September issue which improves the 
volume level of the speaker in the handset. 


SOTESWITCHING Ss oc kare car ag ene ages eaUniacte aii erie alte ater e ee 
An extra refinement to the HighCom sound reduction system published in 
the March 1981 issue. It provides softswitching by changing the response 
time of the circuit to increase the decay time, thus eliminating inter- 
ference. 


culmulative index volume 8 1982........+.05 Sicilia Sani cent ite 


In-Car (ONISEl ie iiss as lec errr, eee creer Tae 
A theory which is rapidly gaining credence relates to the quantity of nega- 
tive ions in the air. This circuit is one way of increasing the concentration 
of these ions in the surrounding air, refreshing the environment. In other 
words fresh air on wheels! 


floppy-disk interface for the Junior - part I... .. eee eee 
G. de Cuyper 

The second and last article describing the modifications that must be made 
to the hardware and software of the Junior, to be able to run Ohio Scien- 
tific software available on diskette. No tracks need to be cut and no mech- 
anical changes need to be made! 


a dozen and one sounds .........+. Aes Aaa Rew 
A single chip containing all the ingredients of a BBC effects laboratory, 
producing a large number of refreshing sounds. 


stop-signal override for model railways..... Wer attes wtiiyaueve as 
Model railway enthusiasts know what happens when the stop signal dis. 
connects the supply voltage from a section of track. This little circuit gets 
over the problem and allows shunting in spite of the stop signal. 


switchboard .........+005 ay apis: ant cumteceney saree ener tscenye abiene We 


12-40 


12-41 


12-42 
12-45 


12-48 


12-59 


12-62 


The next issue may be more 
of a surprise than just being a 
new issue starting a brand 
new year. As far as projects 
are concerned the January 
issue will continue with the 
XL system by introducing the 
accessories for the power 
amplifier, a video/audio 
modulator, and... it will be 
a great start to 1983! 
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TRANSISTORS ‘BF200 
ACI25 3) aciag/7 26 | BEZZAA 
AC126/7 BC212 10 BF245 
ACI28 gc2i2. 10 Bree. 


~ ACI4N/2 BC213 10) BF2568 
33/34 CARDIFF ROAD, WATFORD, HERTS, ENGLAND [aig Bar. 18) Baer 
F259 
MAIL ORDER, CALLERS WELCOME AEN ig Te | SCRE, 10] Beare 
8F336/7 
Tel. Watford (0923) 40588. Telex: 8956095 acvie/29 7) acsore 4 ue 
" BF594/5 
ALL DEVICES BRAND NEW, FULL SPEC. AND FULLY GUARANTEED. ORDERS Ra ae Bo327/8 iH HPRI9/40. 
DESPATCHED BY RETURN OF POST. TERMS OF BUSINESS: CASH/CHEQUE/P.Os | AGV39'4" 95 | 86337838) eRai/79, 
OR BANKERS DRAFT WITH ORDER. GOVERNMENT AND EDUCATIONAL IN- | Aoiao Beary 4g] BFREO7e 
STITUTIONS’ OFFICIAL ORDERS ACCEPTED. TRADE AND EXPORT ENQUIRY | 40149 acsi6/7 40 | SERB 
WELCOME. P&P ADD 50p TO ALL CASH ORDERS. OVERSEAS ORDERS POSTAGE | A016) 8547/8 121 Brxar 
AT COST. AIR/SURFACE. ACCESS ORDERS WELCOME. aeiielé Beeseay aie BEXGE 
= a - AFINT/8 i! Y 
Export ordors no VAT. Applicable to U.K. Customers only. Uniess stated otherwise. | AFI>4/95 9) 8288/9 18 arvia 
VAT sess ceat sre ourcusener ony uamnsuetonareon | Mists B/E? 1B, 
We stock thousands moro items. It pays to visit us. We are situated behind Watford Football Ground. | Ary 99 seve $0 | BFY82 
Noorost Underground/BR Station: Watford High Stroot irs Eee 
Open Monday to Saturday 9.00am to 6.00pm. Ample Free Car Parking space available. AF239 Bevar la ta] REYES’ 
= - AS221 5, 
ELE@TROLYTIC CAPACITORS: (Values n uf) 600v. 10uF S2p; 47 78p; 63V 0.47.1.0,15,2.2,3.3,478p: | Berar Be vee/s9 32 | SES} 
10 10p; 15, 22 12p; 3315p: 47 12p: 68 20p; 100 19p; 220 26p. 1000 70p, 2200 99p: 50V' 68 20p: 100 i7p: 220 | Beio7e Bcves/89 33 | BrYs0 
24p: 40V: 6.8 1p: 22 9p: 33 12p; 330, 470 32p; 1000 48p; 2200 9p; 25V: 15, 4.7, 10, 22. 47 Bp: 100 Ip: | BCIOB Beye 29) SRY39 
150 12p; 220 1p; 330 22p; 470 25p; 680, 1000 34p; 1500 42p: 2200 Sp; 2200 SOp; 3300 76p: 4/uU Sap; | BCIOBB ecy7e —_24| 88X20 
16V: 47, 68, 100 Sp; 125 12p; 330 i6p; 470 20p; 680 34p; 1000 27p: 1500 31p; 2200 36p; 4700 79p BC109. Bor? 135) BSx26/29 
; -| scrose 8012195 
TAG-END CAPACITORS: 64V. 2200 139p; 3300 198p; 4700 245p; SOV. 2200 110p; 3300 154p; 40V: 4700 BC109C BOI24 18 Ce yeea 


160p; 25V: 2200 90p; 3300 98p; 4000, 4700 98p; 10,000 320p, 15,000 345p; 16V: 22,000 350p Bch ars BO131/32 ® Bates 
— — 7 80133 BU205 
POLYESTER CAPACITORS: Axial Lead Typo Bcd 80135 
400V: InF, 1n5, 2n2, 3n3, 4n7. 6B 11; 10n, 189, 180, 22n 12p; 330, 42n, 6B SIEMENS pov 8C137/9 Borae/a7 ap| 24208 
6p: 150n 20p; 220n 30p; 330n 42p; 470n S2p; 6BOn 1uF 68p; 2u2 Bp Type Miniature | BC140 0138/39 cee 
160V: 1OnF, 12n, 39, 100n 1p; 150n, 220n 17p; 3300, 470n 30p; 680n 38p; 1uF poly Capacitors 8C142/3 BD140 Bry 
42p; 105 4p; 202 48p; 4u7 58p. 250V BC147 8D144/45 ‘08001 
1000V" InF 17p; 1OnF 30p: 15n 40p; 22n 36p; 33n 42p; 47n, 100n A2p. Inf, 15, 2n2, | pcia7e ERE Mpg00 
seouen| Voitety | Heck, lati |i 
POLYESTER RADIAL LEAD CAPACITORS. 250V 5 FEED-THROUGH 18n, aan i BC148B BD222 MJ2955 
10n, 15n, 22n, 27n 6p; 33n, 47n, 68n, 100n 7p: 1500, 2200 CAPACITORS 330, on ine BS BC149 BO245 MJE170 
0p; 330n, 476n 13p; 680n 19p; 1u 23p; 1u5 40p; 2u2 46p. 1000pF/450V 8p Son bee Pp Haka Bp37e MJE180 
ne — ard 4 
TANTALUM BEAD CAPACITORS POTENTIOMETERS: Rotary, Carbon, B2n, 1000 BC157/8 BO517 Leber ed 
35V: 0.1uF, 0 22, 0.33 15p; 0.47, 0.68, | Track 0.25W Log & L Saale oov BC159 BOG9SA MJE371 
0,1.5 6p; 2 2:33 18p: 4.7, 6.8 22p; | BOOK, IK & 2Kit (Linear only) Single | 100n, 120n BCI60 HHH aesat 
10 28p; 16V: 2.2, 3.3 16p: 47, 6.8, 10 | Gang xP Aeon, eon BCI67A BOYS6 muee2) 
18; 15, 36p: 22'30p; 33, 47 40p; 100 | SKE ZMH Single Gang Log Y Lin 30p 1m, 2700 BC168C eoveo erties 
3p: OV: 15, 22, 26p; 33, 47 35p; 100 | {KS 2M Single Gang D/P Switch 78p 330n, 3900, BCI69C BFIIS Rated 
S5p; 6V: 100 2p. Kt 2Mit Double Gang. 8p | 470n, 960 2 BcI70 Setege hess 
Pen DT y D / F167 
MYLAR FILM CAPACITORS SLIDER POTENTIOMETERS VuF34p 2u2 50 | Bci73 Bris MPrioa 
TOOV: InF. 2, 4 Arf. 10 6p: 15nF, 220, | © 25W log and linear values Comm aa Beiza MPEI04 
30h, 40n,47n fp: Bn, 100n, 206n Bp | SKHLSOOKS gle gang ata Tolephone Bcize 8FI7B MPFIO 
avis TONE ZR Soll Stick Graduated Bezel 40) Ordans by Bele oF78 MpsAos 
CERAMIC CAPACITORSBOV' | pneser pOTENTIOMETERS ae weiss” 1a lprtanis 38 | rons 
ange: pF to 100 ni in 1W 501? SM? Minature: 7 
Bank, AznF Sp.” 100nF/30V. 7p. See eal 7p | Phone your order BFI94/5 MPSA5S 


BCIB3L 10 | BF 1986/7 hate 
2o0nk /6V 8 O5W'id0H" 3 Aeaenone larger — sp | threwahwe do | Bigg 19 |BEISE/Z 12 I MPSAbe 


— (1 25 20081 4-7Mit vert 10p 
STYRENE CAPACITORS a preee ; 
Topt to 1 8p: 1 Bn 10 12nF 1p COMPUTER | 8250 1 LM301A0 24 | NES65A vv | YAAt003. 1486-20 tso2 11] Ls191 
ICs 82510 11307, 45 | NE566 ULN2003 7489 (303 42} tsi92 
ai RAM 350} 8253 747C 14 pin (m308T 95 | NES67V ULN2004 7490 {soa 12] ($193, 
SILVER MICA (Valuos in pF) FOR 1702 8255 748C 8 pin LM311 70 | NE5S70 ULN2283 7491 
2,33. 47, 6.8, 8.2, 10, 12, 15, 18, yeozcP 650} g266ac LM318N 150] NE571 UPC575 7492 
22, 27, 33,'39, 47, 60, 56, 68, 75, 82, BBC 21022 100) g257.5 1.M319. NES534A, UPC1025H 7493 
85, 100, 120. 150, 186pF Tp oach 2114.450n 851 Bong eos. UMa2aa M335, UpCiia2 7498 
200, 220, 20, 270, 300, 330, 360, | MICRO | 21141 300n £0) 8271 AY.1-1320 cig3az RC41360 UPCI156H 7495 
390; 470, 400; 800,820 2tpoach | agigap | 21141 200n 8279 AY 1.5050 (M3352 $5668 UPC1366 7496, 
1000, 1200, 1800, 2200 30p each 2147 ison sea 8284 AY. 1-5051 M339 SA83209 XA2206 7497 
3300, 4700pF 60p oach ey oot WELTY AY 16720 M348 SAB3210 XR2207 74400 
——_— Beet 8P83048N AY.3-°270 M349 $AB3271 XR2211 74104 
MINIATURE TRIMMERS Capacitors. 378 ey HEI ar26a AY 3.1350 M358 SAB4209 XR2216 74105 
2.6pF, 2 1OpF 2p; 2 25pF,  GOpF 30p; See ee oa aol Beez, AY 3.8910 M377 $G3402 XR2266 74107 
10:B8pF 35 732-480 3601 B128a Booklet for .M379 SL490 2N414 74109 
are B90 (| 813) AY-3:8910 150 | LM380 SN76003N 2N419E 74110 
= —_____- sate oon bas ee AY 38912 625 | LM3BIN Su7so1g Z2N423E vain 
ab. 5%. ns ‘AY-5.1230. 450 | L ZNA2ae 74N12 
RESISTORS Carbon Film Hi-Stab. 5%, | 4927 _ 120 9364AP AY5.1317A) M384 ‘SN76023N 2N425E a6 
miniature MISE ASO 9602 AY 5-1350 M386 SN76023ND 2N426E 7ANNB 
RANGE 199 100+ AB 300m 82 F AM26L6310125 | ‘Ay-5.3500. 350 | LM387 ‘SN76033N 2NA27E 7419 
242 4M? A1tg 250 325 1 AM261532A125 | ay.5.40070520 | LM389 ‘SN76115N ZN428€ 74120 
202 am7 2 4164 Geary AY 3 1015, AY-5-8100 775 | LM393 SN7613} 2N429E 7ai21 
2012 aM7 4334-3 CMOS I ay.6.1350 CA3011 LM725CN SN76227N 2N459 14122 
2% Metal Film 21143 325 | ay.5.2376 CA3012 LM733 SN76477 2NI034E 14123 
1% Metal Film 2 4826 1000S 228 | Ay.5.2376 CA3014 M1458 SN76488 ZN1040€ 14125 
ei — 4 ae eae 0 COMED 1? CA3018. UM1871 SN7s660 2NA234E 14126 
RESISTORS Neiwork SL 5101-451 COMB116 CA3019 2917 8629 74128 
7 Commoned: (B pins) 1008, 6801, 1K 2k2, 4K7, | 6116 150S 390] Gag13) CA3020 M301 TA7210 TTL74 14132 
10K, 47K 100K 5p BI1NGL 12008) osa691N 320 | Ga3023 M307 TA7204 7400 14136 
8 Commoned: (9 pins) 15042, 18082, 27082, 33041, 1K. $601 DSB8LS120N | GA302BA M3302 TA7205 7401 raya) 
2k2, 4K7, 10K, 22K, 47K G 100K 26p 81174000490) 275 | CA3035, (M3900 TA7205 7402 74442 
Bs0zcPU BT FOI771 15 | GA3036 LiM3g09N TA7222, 7403 74143 
6503 ig OOF FDI791 £22 | Ga3043 76 | LM3911 TA7310 7404 rayad 
— yp cate 260 4 FO1793 £23. | Ga3045, M3914 TAAS2IAXI 7408 74145, 
605 FO1795 £28 | Gaz046 M3915, TAAGGIA 74147 
DIODES | | BRIDGE 6520PIA FO1799 £28 | CAao4B M3916 TAA700 7407 74148 
AAI23 2 | RECTI- Cee oviA goof FO1797 £28 | Ga3os9 LM13600_ TAASOO 7408 74150 
RAVI FIERS sea 1H026501 75 | Ca3075 187220 TAD100 7409 74151 
BAIO0 1A/50V SSeennloT 1M6402_—_380 | CA3080€ M2524 TBA120S 7410 74153 
BAX13 VA/100V || 9352! INS806ON 1050 | Ca3081 M253AA, TBASA00. mn 4184 
TBAS50Q 7412 74155 


6545RTC 
vA/a00V 24 INSB8I54N £9 | CA3086 M51513L 

Byt09 Ppa JB SERIES, || Gssracia TBAG41BX 7413 74186 

8 or 8X11 7414 74187 


Pore Gaure™ Eel uiat  lextoge, a8| Melt 
a Bee 7510 90 || 6800 MCI4d11 680 |Casnaae” Maat2 TBAGS1 7416 74159 
page 3A a0ov 7eN14is 160 17 e802 M1412 790 | Ca3130 MB3756 TBAB0O 717 74160 
tt 3A 'e00v 7512172 130 |) 8803 mcaaas 250 | Castao Mci204 TBABIO 7420 7416) 
beets ga/100¥ 75150 125 || 6804 Mc34a7e 318 | Ca3i60 moran TBAB20 742 74x62 
Sais 6A/400V petaoig. Tepil) eens MK3886.2M £7 | CA3161 wc1303 ¥Ba9200 1422 74163 
Oats Ba enoy 125) 721828 $3) 6808 S20 apa aon | Gaateze Mctaote zen) THAas0 13a Ate 
AB 10A/200V a ee MM52800 695 | CA3189. MC1310P +BA9900 7425 74165 
ao voa/600v 238 78322 40 |} e810 Mwvoamt” 635 |HATa36W 240] Mcrad5 1Basao 1428 7168 
0A91 8 | 258/200 38361 6821 MM5307_ 1275 | HA1388 MC145106 YCA220 7427 14167 
OA95 25A/600V wey eet mY MMEIB7A 475 | ICL7106 MC1458 ¥ca2700 7428 74170 
0A200 B14 Esty ah | MMBBI7a 770 JICL7107 MC4ea A280, 730 mare 
Gav02 M18 DIL oeiee Sa MM74C922 420 | ICL76 9 TCAMAO 5438 ae 
1Ng14 reaea ere RO-3 2513 650 | ICL7660 MC1495 TCASES 793 | au 
1N916 78491 6847 RO-3.2513U650 | ICL8038CC MC1496L, TOA1004 7438 74176 
1Na001 /2 SFF9634E B00 | ICLB211A MC1596 TOA1008 74176 

ZENERS =| _____1) 6880 t 1 ICM7205A M1648 rt 7440 74177 
aioe Range. 2V7 to 6852 MS2716 ay I IGM7207 MC1709G A 7444 74178 
1N4008/7 3av-4oonw | SCR G5s4 TMS6011 368 | CM7215 M3302 TDAIoe4 7442 74179 
1N4148 Speach | THYRISTORS — |} BahG9 TMS9928 £30 | ICM7216AJ MC3340P TOA1034 aus 74180 
15401 Range. 3V3- 10 | 5a/40V Sanoee ULN2003 90 | ICM72168 MC3360P TOA1490 hed 74181 
1N5404 3V-1.3W 5A 400V 080A UPO7002 _ 440 | ICM7216C M3401 1bA2002 7448 74182 
1N5406 ‘8p each | 5a G00V B0B5A 2B0CPU 2 5 299 | ICM7217A, MC3403 1DA2004 a 74184 
1N5408 BA300V 8118-10 280ACPU 4M | ICM7224 MC3405 TOA2020 saan 74185 
1844 8A 600V Ad 300 | 17240 C3423 0A2030 7448 74186 
18921 128 100V 8155 ze0cTc 250 | ICM7555 MC4016 1080701 7450 74188 
6A 100V TRIACS 12A 400V 8188 280A CTC 260 | ICM7556 MEC6040 TLi70 745) 74190 
6A A00V Acs 12A 800V Hite 2808 e11 | (3350 MKk50398 Ttosicr 2453 74191 

are M4 81106 BiLs96 280 DART 495 | LAG031P ML924 TLO62CP 7460 741092 

3400) BING piveee 280A DART $60 | (A4032 MSM5526 TLOBacN 7460 74193 
Oey. C1060 Bi Ser 280 DMA 675 | LA4400 NESIS TLO7ICP 5472 24194 
Ba.4o0v Tica He 280 DART 698 | LC7130 Nes2o 225 | troz2cP Tre 74195 
ene ON TIC45, 8212 280 PIO 260 | C7120 NES31 TLO74CN ana 74196 
12 ay TIC? 8214 280A PIO 275 | LC7137 NE534 TLOBICP. 4498 24197 
128 404 280101 690 | LF347 NebaaK TLosace 2476 14198 

P 

NESS Leena 7480 74221 


54 
56 
6 
69 
115 
8 

2A BOO 135 Nee 8215 
a. NE5S6 TLosice 7481 74246 
220 NE56O UA2240, 7482 74287 
20 
295 


A DIO $80 | LE3SI 
VARICAPS | 16a 100v eneo 8216 280A 010 
NES61 UA78540 7483 74248 


F353 
BA102 50 | 16a 400V 8224 LINEAR ICs | F355 
BB105B 40 | 6A s00V 
NE5628 UAAI70 ae 74249 
NE564 UAAI80 7485 74251 


yMPSUS: 
| Mpsuos 
| MPSU52 
MPSUS6 
MPSU56 
MPUI31 
026 
0C28/35 
0C36/41 
0C42/44 
0645/70 
071/72 
0674/75 
0¢76/77 
0¢81/82 
083/84 
OC170/71 
0c200 
TIP29A 
TIP29C 
TIP3OA 
TIP30C 
TIP3IA 
TIP31B, 
TIP3IC 
TIP32A, 
TIP32C 
TIP33A, 
TIP33C 
TIP34A 
TIP34C 
TIP35A 
TIP35C 
TIP36A 
TIP36C 
TIPAIA 
TIP41B 
TIPAZA 
TIPA2B 
T1P120 
m1P121/2 
11P141/2 
TIP147 
T1P2955, 
T1P3055, 
TIs43 
m1844/5, 
TIS46, 
TIS48 
1859/74 
TIS88A 
1890/91 
Uc734 
VKI01 
VNIOKM 
VNAGAF 
VN66AF 
VNBBAF 
VNB AF 
27107 /8 
21X109 
21X212 
21X300 
771x301 


Z1X302. 
217x303 
20x304 
21x314 
21%326 
21x31 

27 xa} 

21x500 
21X501/2 
21x503 
21x504 
21X83! 

27Xx550 
2N697 

5N698 

2N699 

2N706A 
2N708 

2N918 

2N1131/2 
2N1302 
2N1303, 
2N1304/5 
2N1306/7 
2N1308 
2N1613, 
2N1670 
2N16718 
2N2160 
2N2217 
2N22188 
2N22198 
2N22208 
2N22218 
2N22220 
2N2297 
2N2303 
2N2368 
2N23690 
2N2476 
2N2483/4 
2N2646 
2N846 2N5777 
2N2904/5 2N5879 
2N2906/7 2N6027 
2N29078 2SA671 
2N2926G BSA719 
2N3011 

2N3053 2SC496 
2N3054 28C1061 
2N3055 28C1096 
2N3108 aly 
2N3252 2sci1 

33308 281306 
2N3441/2 28¢1307 
2N3614/6 38cidag 
2N3663 

2N3702/3 281679 
2N3704/5 28C1923 
2N3706/7 28C1945 
2N3708/9 2861963 
2N3710/11 10 | 28C1987 22m, 
2N3713 140 | 28C1969 43m 
2n3771 179 | #SC2028 100m 


ZN 12 19 1 252029 
2N3773 210°| 28¢2078 
2N3B19 22 | 28¢2091 
2N3820 28¢2314 
2N3822/ 28¢2166 
2N3824 28C2335 
2N3866 90 | 95C2547 
2N3870 282612 
2N3903/4 280234 
2N3805/6 28Ka5, 
2N3906 23k288 
2N4037 28483 
24041 28985 
2N4058 3N128 
2N4061(2 3N140 
2N4064 40097 
2N4069 40250 
2N4220 40311 
2423416 40313 
14264 4031 
2Na206 ‘036 
2N6289 40317/20 
2N4314 40323 
2N4400 ‘40324 
2nsaa7 40326/7 
2N4859 40347 
2N4871 40348 
2na898 20360 
2N4901 40361 /2 
2N4921 40407/8 
2na922 40311 
2N5135/6 aoal2 
2N5138 40678 
2N5172 40468, 
2N8179 ‘40so4 
2N5180 40603 
5190/1 40638 
ele 40673 
2N6457/8 eae 
2N5459 
2N5485 
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(837 18| (s267 
(s38 15 | 1s268 
(S40 13] 1S259 
746244 196 | (S42 (8260 
740245 196 | S47 (8261 
74€373 240 | S48 (266 
746374 245 | (S49 ($273 
74C922 420 | \S51 (8275 
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74.00 ts73 ($290 
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8225 585CMOS 80] LF356 
88106 40 | 25v500V ce 
881098 45 | 25a B00V 


8226 702 m 
DIAC 8228 L357 
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MvaM2 — 165 | T28000 ST2 8243 709C8 pin 38 | LMI 
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advertisement 
SWITCHES OIL SWITCHES VEROBOARD 0" Ne Goa) 18 IDC CONNECTORS PANEL RELAYS 
TOGGLE 2A. 250v (SPST) 4way 70p. 6 way 85p; clad vtaw | Vero Strip 374 fied eat Neat Paw METER Minature. enclosed. PCB mount 
SPs Bap | Bway 90p, 10 way 145p 219-314 Goo Derr Seg ees ame | SFSD. otal 
bPot 4ap | (SPOT) away 190p ASS = gee ame 60.46 -38mm | RLS 
EB wi P RUG 91 1701 com 2V5 to 12V_0C 
sus-min roccte | ROTARY SWITCHES. 334 gi | PROTO oecs Howey | ote | gee te oe Heian ALG SY 17011 cow 2V5 9 12V DC 
SPSton/oft $4 | pole’? to 12 way. 20/210 6 way 32317 360p 2a2p | yipoblork pd 20 way 145 166 12590 9 800A d P 
Spb1 conive ott Bap | 2ele/2t04way Ao/2to3way 45p | 433-17 490 | Ewatreadboars Sa0p | 28 wav 7BP_-200P. TSOP 110 | 0 Ima al AV? 7V DC 250V AC. SA 
SPOT biased both | ROTARY. Mains DP 250V 4 Amp Shotlace ie: 19m | Bimboard 1 S?8p 40 way -220p 250p 190p 150p 9.10mA AUC TTY 170!" cou! BY 14 2600 AC 
bebr 6 ee | eee S6p | Pininseruion tool 18p | Supesiin S82" 1860p 50 way 288 270 200 1780 Haug 3A ae ”"220p 
tags p rs eo ae 100m4 Bi i i 
DPOT centre off 8p | ROTARY: (Mak-a-switch) [VERO WIRING DALO ETCH je Pe. Oss00nA HUG 126 740K" cout 12¥5 29. 250 
DPOT biased both | Make a multiway switch Shatting as: | BEN‘ speoul” — 340p | RESIST PEN CONNEGTOR Her SAAC 222p 
ways 5p | sembly has adjustable stop Accom | EEN * spa Me | Phniperetin, 9p EURO INECTORS oN 
OPOT 3 position mModates up to 6 waters: ‘Combe. 6p Fem ie Soria) 0 25V 
‘onion/on 185p | (max 6 pole/12 way » DP switch) Pa te 0 50V AC AMPHENOL PLUGS 
3pole2way 205p | Mechanism anly 90p | FERRIC CHLORIDE ULTRASONIC oiNe1617 ee ie 0 300V AC IEEE 24 Way 550 
f WAFERS: (make before break} to fit_ |! 1b bag Anhydrous | TRANSDUCER: Stee ina, S" Centronics Parallel 36 Way solder 530 
BEDE 250V: gp | the above swetch mechanism 195p + 50p P&P 40KHz 325 pr DINe6I2 “vu Centromic Parallel 36 way IOC 850. 
DPDTIAcioft tsp | 1POle/I2 way. 2 pole/way. 3pore/4 |— 2320-8 2865p Bp 486p each i: 
OPDT '2A 139 | Weve 4 polls way; 6-12 way ‘Sp COPPER CLAD BOARDS Ownage BUZZERS, mature solid state: 
Mains OP 4A Switch to fit 45p ees 2632 A-C Hop ~ RUMI: SOM SIAh 
Spacers 4p. Screen 6p aoe Srale pouale Sh oe DINGI6123 «32 ‘ 3 6V SV & 12V 70p 
PUSHBUTTON 6A | | RocKeR: 5A/250V SPST 2p | 86 9p 0p, gp ABC Op RS VgRYSTacs |) 
with 10mm Button ROCKER 10A/250V SPOT 38p | 6 -12 1580p 195p : — tonne 23 | LOUDSPEAKERS 
SPOT latching 99P | ROCKER 10A/250V DPDT c/of 35p OL PLUG 200KH: 268 a 
OPOT latching 145p | ROCKER 10A/250V DPST with neon EDGE (Headers) ‘455KH. 370 ne.0 3W. Bit 
SPOT moment 99p ‘B5p bit SocKETS CONNECTORS Solder IDL e 25 | 3in 80p 
DPOT moment 145P_| cr HUMBWHEEL Mini front mounting V 156 | i4pin 0p 99p | RIBBON'CABLE | 1MHic ud 31 8042 80p 
Min: Non Locking Decade Switch Module 220p BIS way tae | Jenn 48 106p Grey Color | 128MH2 392 =e =| 
PushtoMake 15p —_B.C.0, Switch Module 2718p Bpin Bp 5p ell asap caper 2aon Bp 3780 | soway 1p 22p | 1 MHe 395 ASTEC UHF MODULATORS 
Push to Break 25p. — Mounting Cheeks (per pair) 79p 14pin 1p 36p * 22 way 199p 200p 40pin 250p 255p | \Qway ier 3 1.8NH2 395 | Standard (MHz 2805 
‘is | 38nm 30 p Bens ye op =] Joner ae aon [uiceasemi 200" || erent 4225p 
JUMPER LEADS (Ribbon Cable Assembly) en ee Gee 2% 28 way2t0p — ZIF DIL 2away 36 SO | 20MM: 225 
en Length 14 pin 16 pin 24 pin 40 pin 2pn 2p 6p 230 way245p — SOCKETS 34 way 48p Gop | 2.45760 200 | ~WEMON’ New Version 
PROJECTS Single ended DIP (Header Plug) Jumper dapin 2p 70p 2% 36 way 2965p - 24pin— 575p 4Qway Sp 75p | 3.278M 3 | WATFORD'S 
We stock | 24 inches 145p 165p 240p —380p 28pin 28 BOP 2x40 way315p 28pin 820 SOway 65p 9p 3.6864M 300 + 
most of Oouble ended DIP (Header Plug) Jumper 4opin  30p | 99p 243 way 395p — 40 pin 9758p GAway 88p 110 | 3.6864 300 | Ultimate Monitor IC 
the parts 6 inches ie 205p 300p we 2x75 way650p — | 4:082MH, 20 
12 inches 198p 215 315p 490p I ja itor chip specially designe 
24 inches 210p 236p 348 40p_| ANTEX SOLDERING IRON | Soldercon Mp atatana:, Sapuill| La neice ren tometer 
36 inches 230p 2560p 375p_ 5935p | C-15W  450p — CXI7W_475p Pins D CONNECTORS: Miniaturo 4.433619M 100 | __board Senes 1 & Il, Enhanced Super 
Il IOC Header Socket Jumper Leads 24” CCN-15W 496p CHEW 500p | 100 pins 9 way 1Sway25way37way | Onan, 160 board & UK101. As reviewed by Dt A, 
20 pin 26 pin 34 pin 40 pin | Spare tips, assorted sizos 65p 70p Plugs Beane Bo] aceon Pract eeienes: duns 
Single ended 380» 200 260m 300 | Spare Elements 210p | 500 pins Solder lugs 80p 110m 1600 2650p | 5 DaaeM 390 | 1981 . i“ 
ded wit ingle Ps 
Double ende 290 370 480» 525» _| ron stand with sponge ie | 326 || Angle Ps 160p 2109 ztp 36m | BoA 32 | Only £10 sop par 
PIEZOL TRANSDUCERS Soe Hie Se: hete Veep Sisson as 
iI 1] CA3085 ‘%p ockets é a 
82720 55p VOLTAGE REGULATORS {M3004 170p | Solder lugs 110 160 210 3609 | 7OMH: 150 
a 2 LM304H 1720p | Angled Pins 165p 216 290» Mop yt a4 BBC MICRO 
' UMg05H 1409p | WiWrap 
TRANSFORMERS: Prim, 240v ia, “een ae tieeee tae | bie 169p 180 2409 420 | BOMMr 180 UPGRADE 
6:0:6V; 9:0-9V; 12:0:12V 100mA sp | i Tees Maan 7905 -220p_| LMBI7K 320p | Covers 36> "8p “9p Top | 808133M — 39 | (Ou BRC Micro Upgrade Kits will 
12V- 7812 145p. 7912 220p LM317KP- 9p 9.00MHz 150 save you£ sss ) 
pcb mounting. Miniature, Split Bobbin 18v 7815 148p 7915  220p | LM317H 280p |— meme eth 13 | 16K Memory (8 « 4816AP) £18 
BVA: 2x6V.0.25A; 2x9V-0.15A; 2x12V.0.12A; | TRY je18  148p UM323K 500p 10.24MHe 200. | Printer User l/O Port Kit £8.20 
2x15V-0.1A 200p | 4aq T0220 Plastic LM325N 3240p | 6 way ‘D’ CONNECTOR 10.7 450 | SK10 with 36" Cable £2 
GVA: 2x6V-0.5A; 2x9V-0.3A; 2x12V-0.25A; casing CM326N 2240p Caan Cebie Aoramnbl in ut r 
VAN 28 2 | oy roo ros asp. | these 75p | dumper Lend Cablo Assembly 4, | 1Z0NKe 178 | Complete Printer Cable 36" £12 
12V 7812 40p 7908 = 6p} LM723 Be | ier tong, Singioend, Female —626p | taaieram 490 | SK9 with 36" Cable eS 
Standard Split Bobbin type: 15V 7815 40p 7912 45p | TAASSO 0p tend BocbieGaded M/M. 1028 i 200 | Disc Interface Kit £41 
BVA: 2x6V-0.5A, 2x9V.0.4A;  2x12V.0.3A, 18v 7818 40p 7915 4p | TBA625B 7ep. || Reclonae Rouble need MIM item. +) 18.0MHE 20 | Analogue I/O Kit £6.75 
2x18V.0.25 2207 | ray 7824 40p 7918 Bp | TDAIAIZ 1600 | 36> fong: Doula Ended: Mi ‘88m | WOME 180) Sorat 70 Kit £7.50 
12VA:  2x4.5V-1.3A; 2x6V.1A; _2x9V-0.6A; 7924 45p | ?8HOS + 5V/5A 36" long, Double Ended, M/ ip 18.432M an er “ 5 
2x12V-0.5A; 2x15V-0.4A; 2x20V.0.3 ‘860p 1 ROME 8 Expansion Bus Kit £6.50 
2985p (35p p&p) 78HI2 + 12V/5A _ fy 7 bo SK11 with Cable 3u’ £3 
24VA:  2x6V-1.5A;  2x9V-1.2A,  2x12V-1A, 520p SOMH2 gag. | SK12with Cable 36” £3.75 
2x18V.0.8A; 2x20V-0.6A, 330p (60p p&p) | 100mA TO92 Plastic 78HG + SV to + 25V 24930MH? 3 Complete. Upgrade: Kit: trom 
TUR IOVS SOA AVR | sv S8tO8 a0p 79.05 6p | a, Sep: 3reaam 170 | Model Ato Mod. B £45 
5, ai oi VA; 2x: 2.1 
1.64; 2x20V 1 Tee oye [ioe feces oe = | AVERY ogc, | @ SPECIAL OFFER@ 27145M_ 190 | range of Connectors & Cables 
JOOVA: 2x12V-4A; 2x15V-3A, 2x20V.2.5A, | BV 78L82 30p = TEX EPROM ERASER SB.66667M 178 available. Send SAE for list 
2x25V-2A; 2x30V-1.5A; 2x50V'1A 920p (75p iv 7outa ae aoe oe Only Raid ae 
p&p charge to be added over and above our nor Me 
mal postal charge). £29.95 V6.0OMH? 250 
7 = _— — 7 = = 
407s 13 | 4541140 OPTO ELEC- | ‘ 
GMOS || coe = lao | | Comes COMPUTER CORNER WATFORD’S BOOKSHOP CORNER 
4001 10 | 4077 13/4544 150 | FRONICS | el MXB0T Printer 10” Tractor Feed, 9x9 matrix, 80 col. | 502 Assembly Lang. Programming 1250 
400212 407816 4548 ay | LEDS with 40 umn, Speed 80 cps, Bi-directional, Centronics interface, Baud | 602 Assembly Lang, Suivoutmne 1200 
4006 6] 4081 33/4549 375 | TTT Gn 4 rate 110-9600 (RS232) FREE 500 sheet paper £249 | 6602 Software Design 950 
400714 | 408213 490 THL212 Yel 4 @ EPSON MX80FT/3 Printer Tractor & Friction Feed. Has high P ning & Interfacing 6502 
4008 — ag | 4085 | 4554 1220 .2"'Rod 12 resolution bit image graphics. Subscript & Superscript, Italics & | programming & Interfacing bed 
4009 24| 4086 = 60 | 4555 38 2” Green, Yellow or Undetl facility, a Lr up P pty Heer 6809 Assembly Lang. Programming 1350 
doio 24] 4089125] 4556 35. | 2" Green, i inderlining facility plus all the MX80T's features £324 | BK Assembly Lang. Programming 1290 
for) 40 | $09 20/4557 20 OM au © MX100 132 Column plus all the features of MXBOFT3. Value for | gogo 280 Assembly Lang. Techniques 850 
401216 Red/Green 65 money : nats ‘ £425 SG 
401320 ieee [asco tea. | Swon/Yelow —78.:|«@ NEC PCBO2IBE-C Printer, 100CPS, bidirectional, logic seeking | /APPIa ll User's Guide es 
gor ag | 40968} Agee | o.2! tn cols 80 column, 7 x9 Dot matrix head, tue desenders on lower case, | fihetminy Basia ee 390 
ao1e 20 4098 “75 | 4562 496 | fRed/Groon/Yoliow 85 Supersript & Subscript and underlining. Proportional spacing. | ja'giof Banc 590 
for7 32] 4099110 | 4566 165 | HF Briahtnos Single sheet Tractor or Friction feed. Hi-Fes & block graphics. Ata | Basic Concepts (2nd Ed.) 1200 
4018 45 | 4160 9 pee ci 0.2" red 56 special introductory offer price of Only £320 Basic Programs for Sci. Eng 1220 
M01d: gam ately.. Seaees, Square LEDs, Red, © SEIKOSHA GP100A Uni-hammer Printer, gives normal and dou: Basic Program BBC M 690 
4020 © 42| 416298 Green, Yellow 30 ble width characters as well as dot resoltuion graphics. 10” Trac- Sods Bee eek Ashe) 
402i 4g | 4183 98) 4680 80 Rectangle Stackable 30 hour BASIC BBC Computer 550 
$et A) diva 99 | toe ae | ecto tor feed. Parallel Intface Standard FREE 500 sheet paper.....£175 | Practical Programs BEC & Atom 690 
402313 4178 108) 4582 $8 | Red, Green or Yall 18 © VIDEO MONITOR 9”, B&W, Attractively cased, Fully | Osborne CP/M User Guide 1200 
4024 Py eee sl ese Toanquar LEDs guaranteed. Value for money at z £69 Using CP/M: Self Teaching Guide 900 
4026 a | 4409 790/585 og | A,B © SOFTY-2 As reviewed in PE Sept '81 by Dr A. A. Berk. The com- | _ Intro to Pascal 2nd edition 1040 
4027 20] 4410 725 bree 4 (0271 Infra Red 46 plete microprocessor development system for Engineers and Pascal from Basic 790 
402¢ 39) te aees 8 SFH205 Detector 118 beginners alike. New powerful instructions. Accepts any 24 pin5V_ | 280 Assem. Lang. Programming 1250 
fo40 48 | 4415 480] 40085 “99 || THLSZInfraRed 58 single rail EPROM. Supplied fully built, tested, Enclosed in a black | 280 Assem. Lang. Program Student 570 
4031 128 | 4419 280) 4009745 iritze Disleator: 4 ABS case. Plug-in power supply included + Free 2532 £169 | 280 User's Manual 1250 
4032 go] 1422 770 | 40098 193 TILI00 80 @ TEX EPROM ERASER Erases up to 32 ICs in 15-30 minutes... £33 2X81 Basic Book 600 
4033125] 4435 © a50/ 40100 218 | BARGRAPH. Rod 10 $ TEX EPROM ERASER with a safety switch... «£35 | Mastering Machine Code 2X81 750 
4034 © 140} 444099 Bios 3 segments 25 @ TEX ERASER plus our Solid State ELECTRONIC TIMER £44 Explorer's Guide to ZX81 550 
4035 45} 4450 350) 40102, 140 ISOLATORS. @ ELECTRONIC TIMER, Solid state, 15-30 min. Connects directly | Byteing Deeper into your 2X81 640 
038 a peti co 4010498 We S to above Erasers. Protects your expensive Chips from overcook. Peek Poke Byte & RAM (2X81 1K) 500 
4038 110 | 45007. [40105110 Hehe e ing. Our timer pays for itself in no time... : £15 | Sinclair 2X81 Prog. /Real Applic. 790 
4039 250 | 4501 2g | 40106 o TIL 2/4 90 SPARE ‘UV’ Lamb bulb... i i £8 Texas TTL Data Book (revised edition) 935 
4040 40} 4502 | 4010760 TIL? 125 5V/5A Power Supply Ready-built & tested... £25 | TTL Cook Book 980 
4041 40} 450340 | 40108450 4N33 Photo MULTIRAIL POWER SUPPLY. Especially designed for Micros. | European CMOS DataBook (Comprehensive) 950 
pag m4 ena ie 40110 300 Darlington 136 Tested output: +5V/5A; +12V; +25V; —12V of 1A £37 CMOS Cook Book 1050 
foaa 40 | 4806 ‘$6. [40114 240 oe eS ABS CASE Attractive, Beige/Brown for Superboard, UK101 
4045 105 | 4507 35, | 40161 194 TIC312 3" CA, 108 NASCOM, or HOme brew (please state). a £26 a — x 
404g 46 | 4508 130 | 40169 i T3133" Cc 105 Stack-Pak Unique stackable twin drawer racking system for stor 
4047 40 | 4510 48/4008 ae TIL3215" CA 16 ing cassettes. 5 Drawers (10 sections) including labels and ULTIMUM 
40 MO] A518 ONT a0 Tga2 gC 116 10 x C12 Computer grade cassettes. 550p | WATFORD'S own most versatile MICRO EXPAN 
foso 2 | aei3 tgp. [4018290 Breer een, ee © C12 CASSETTES in library cases 40p | SION SYSTEM. Ideal for interfacing with APPLE, 
405148 | 4514145 [4019290 puosey Rea 120 @ 81” Fan Fold paper (1000 sheets) ....... bin £7 | ATOM, ORAGON, PET, RESEARCH MACHINE, 
4052 60] 4515 195 [40183 BB FNO500 115 @ 91” Fan Fold paper (1000 sheets) i £7 | SPECTRUM, SUPERBOARD, VIDEO GENIE, 2x81, 
403 60] 4516 Ogee 3" Green CA 160 ete. Low Cost, High Spec. As published in Practical 
4068 | 4618 40 (80244 195, oa iN a —! Electronics starting from November 1982 
4056 85 | 4519 30 bined 196 3" 41GreenCA 150 Send SAE for details. 
4057 1915 | 45200 [40287 196 a FLOPPY DISC DRIVES 
4059 435 | 4521 n10 40378 240 ovmi76 1885 @ TEAC FD-50A Sincle Uncased 40 track single sided £125 
et me iach aei)asi08. 606: eH ere © TEAC Single FD-50A Cased with PSU £180 
4062 © 995 | 452765 tebe bane ee @ TEAC Twin FD-50A Cased with PSU. £335, 
4063 85 | 4528 © 70 | OPTO NEONS © TEAC Single FD-50E 80 track cased with PSU £238 
4066 24 | 4529150 | LS400C 255 | Rectangular, nut fixing @ SIEMENS FDD 100-5 Drive. Cased, head, motors, track zero 
4067 245 | 4530 90 | OCP71 120 Red, Amber, Green 0p micro switch & motor control PCB with read, write & contro! elec: 
does te | esse 9 Jonpor ag | REFLECTIVE, Optica tronics plus cable. Ideal for Apple £215 
4070 13. | 4534 agg | 2ne777 a5 | StGerelpe TENG (mR © APPLE Il Interface card for above ried £35 
gor! 13. | 4536 275 | BPX25, 196 | Swrich similar to. RS N.B. Our printer prices include FREE 500 Sheets of Paper. 
4072 13 | 4538 90 mp."s 1 e of tl i: 
merge” 121) 4838 901 BeNAE 2B) Comes 186 (p&p on som }@ above items is extra) 
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What is a TUN? 
What is 10 n? 
What is the EPS service? 


What is the TQ service? 
What is a missing link? 


Semiconductor types 

Very often, a large number of 

equivalent semiconductors exist 

with different type numbers. For 
this reason, ‘abbreviated’ type 
numbers are used in Elektor 
wherever possible: 

e ‘741' stand for 4A741, 
LM741,MC1741, MIC741, 
RM741, SN72741, etc. 

© ‘TUP’ or ‘TUN’ (Transistor, 
Universal, PNP or NPN respect- 
ively) stand for any low fre- 
quency silicon transistor that 
meets the following specifi- 
cations: 


UCEO, max 20V 
'c, max 100 mA 
hfe, min 100 

‘tot, max 100 mW 
fTmin 100 MHz 


Some ‘TUN's are: BC107, BC108 
and BC109 families; 2N3856A, 
2N3859, 2N3860, 2N3904, 
2N3947, 2N4124, Some ‘TUP’s 
are: BC 177 and BC 178 families; 
BC 179 family with the possible 
exeption of BC 159 and BC 179; 
2N2412, 2N3251, 2N3906, 
2N4126, 2N4291. 


@ ‘DUS’ or ‘DUG' (Diode Univer- 
sal, Silicon or Germanium 
respectively) stands for any 
diode that meets the following 
specifications: 


DUS DUG 

UR, max | 25V 20 V 

F, max 100mA | 35mA 

IR’, max 1 pA 100 HA 
tot, max | 250mW | 250 mw 
D,max | 5pF 10 pF 

Some ‘DUS’ are: BA127, BA 217, 


BA 218, BA 221, BA 222, BA317, 
BA318, BAX 13, BAY 61, 1N914, 
1N4148, 

Some ‘DUG‘s are: OA85, OA91, 
OA95, AA116, 


e ‘BC107B’, ‘BC237B’, ‘BC547B’ 
all refer to the same ‘family’ of 
almost identical better-quality 
silicon transistors. In general, 
any other member of the same 
family can be used instead. 


BC107 (-8, -9) families: 

BC107 (-8, -9), BC147 (-8, -9), 

BC207 (- 8, -9), BC237 (-8, -9), 

BC317 (-8, -9), BC347 (-8, -9), 
BC547 (-8, -9), BC171 (-2, -3), 

BC182 (3, -4). BC382 (-3, -4), 

BC437 (-8, -9), BC414 


BC177 (-8, -9) families: 
|BC177 (-8, -9), BC157 (-8, -9), 
BC204 (-5, -6), BC307 (-8, -9), 
BC320 (-1,-2), BC350 (-1, -2), 
BC557 (-8, -9), BC251 (-2, -3), 
BC212 (-3, -4), BC512 (-3, -4), 
BC261 (-2, -3), BC416. 

Resistors and capacitor values 
When giving component values, 
decimal points and large numbers 


of zeros are avoided wherever 
possible. The decimal point is 
usually replaced by one of the 
following abbreviations: 
(pico-) = 

(nano-) 
(micro- 
(milli-) 
(kilo-) 
(mega-) 
(giga-) = 
A few examples: 

Resistance value 2k7: 2700 ©. 
Resistance value 470: 470 2. 
Capacitance value 4p7: 4,7 pF, or 
0.000 000 000004 7F... 
Capacitance value 10n: this is the 
international way of writing 
10,000 pF or .01 uF, since 1 n is 
107° farads or 1000 pF. 
Resistors are % Watt 5% carbon 
types, unless otherwise specified. 
The DC working voltage of 
capacitors (other than electro- 
lytics) is normally assumed to be 
at least 60 V. Asa rule of thumb, 
a safe value is usually approxi- 
mately twice the DC-supply 
voltage. 


Q2Z*xZFSs0 


Test voltages 

The DC test voltages shown are 
measured with a 20 k22/V instru- 
ment, unless otherwise specified. 


U, not V 

The international letter symbol 
‘U’ for voltage is often used 
instead of the ambiguous ‘V', 

‘V' is normally reserved for ‘volts’. 
For instance: Up = 10 V, 

not Vp = 10V. 


Mains voltages 

No mains (power line) voltages 
are listed in Elektor circuits. It is 
assumed that our readers know 
what voltage is standard in their 
part of the world! 

Readers in countries that use 

60 Hz should note that Elektor 
circuits are designed for 50 Hz 
operation. This will not normally 
be a problem; however, in cases 
where the mains frequency is used 
for synchronisation some modifi- 
cation may be required. 


Technical services to readers 

© EPS service. Many Elektor 
articles include a lay-out fora 
printed circuit board. Some — but 
not all — of these boards are avail- 
able ready-etched and predrilled. 
The ‘EPS print service list’ in the 
current issue always gives a com- 
plete list of available boards, 

@ Technical queries. Members of 
the technical staff are available to 
answer technical queries (relating 
to articles published in Elektor) 
by telephone on Mondays from 
13,30 to 16.15, Letters with 
technical queries should be 
addressed to: Dept. TQ. Please 
enclose a stamped, self addressed 
envelope; readers outside U.K. 
please enclose an IRC instead of 
stamps. 

@ Missing link. Any important 
modifications to, additions to, 
improvements on or corrections 
in Elektor circuits are generally 
listed under the heading ‘Missing 
Link’ at the earliest opportunity. 
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BIBIC) Micro Computer 


MEMORY UPGRADE 
8 x 4816 AP-3 100 nS 
F.D. INTERFACE KIT 
1C77-78 


Please phone for availability 


BBC Model B £399 (incl. VAT) 

(Carr £8/unit) 

Model A to Model B upgrade kit 
£50.00 


Fittingcharge ..... £20.00 


ANALOGUE PORT KIT 
1C73, SK6 
RS423 & VDU Port Kit 


OFFICIAL @HO DEALER 


PRINTERS 
SEIKOSHA 


All mating Connectors with Cables in 
stock, Full range of ACORNSOFT, 
PROGRAM POWER & BUGBYTE SOFT- 
WARE AVAILABLE 

Phone or send for our BBC leaflet 


BBC FLOPPY DISC DRIVES 


Single Drive 5%" SSSD £234 
Double Drive 5%" 800K £799+ £8 ptp 


PRINTER & USER PORT KIT 
IC69, 70, 71, PLO, 10 
Bus & Tube Port Kit 


EPSON MX 80 and 100F/T3 


NEC PC 8023BC. 
100CPS, 80 cols 

Logic Seeking, 
Bidirectional, 

Forward and 

Reverse Line Feed, 
Proportional 

Spacing, Auto 
Underline, Hi-Res 


and Block Graphics, Greek Char. Set. Only £ 235 


+£8 carr 


GP100A 

80 cols 30 CPS 
Single and Double 
Full Graphics, 
10" wide paper 
Tractor Feed 
Standard 

Friction Optional 


MX80 80CPS 80cols 
MX 100 100CPS 136 cols 


Logic Seeking, 
Bi-directional, Bit Image 
Printing, 9x9 Matrix 
Auto Underline 


MX80F/T3 £325 
MX 100 F/T3 £430 
(£ 8 Carr/Printer) 


Now only £175 
+£6 carr 


PRINTER ACCESSORIES 


2,000 fanfold papers with perforated 
margin . £15.00 + £3.50 carriage 


500 fanfold papers with perforated 
-£ 4,50 + £1.00 carriage 


margins .. 


VARIETY OF PRINTER INTERFACES IN STOCK 
RIBBONS FOR PRINTERS 
GP100A £6.50 EPSON Mx80 £ 7,50 


AMPHENOL CONNECTORS 
37 way Centronix Type £5.50 
(1 DC or Solder Type) 


£7.50 25 way IEEE Type £5.50 


NEC PC8035 


MICRODOCTOR 


This is not a logic 

analyser or an oscillo- 

scope, It tests a micro- 

system and gives a 

printed reprint on 

RAM, ROM and 1/0 —* 

it will print memory 

map, search for 

code, check 

dataline shorts 

and operates 

peripherals and even disassembles the ROM, 
Microdoctor complete with PSU, printer, proble cable and 
two configuration board 


UV ERASERS 

UV1B upto GEproms .... 
UV140upto14Eproms .. 
UV1T with Timer switches and 
UV141 with Timer safety inter- 
(Carr £ 2/eraser) locks, 


All erasers 
are fitted 
with mains 


SOFTY II INTELLIGENT PROGRAMMER 


The complete micro processor development system for Engineers and 
Hobbyists. You can develop programs, debug, verify and commit to 
EPROMS or use in host computer by using softy as a romulator, Powerful 
editing facilities permit bytes, blocks of bytes changed, deleted or inserted 
and memory contents can be observed on ordinary TV. 

Accepts most +5 V EPROMS 


Softy || complete with PSU, TV Lead and Romulator lead . £169 


RUGBY ATOMIC CLOCK 


This Z80 micro controlled clock/calendar receives coded time data from 
NPL Rugby. The clock never needs to be reset. The facilities include 8 in- 
dependent alarms and for each alarm there is a choice of melody or alter- 
natively these can be used for electrical switching. A separate timer allows 
recording of up to 240 lap times without interrupting the count. Expan- 
sion facilities provided. 

Complete Kit 

Ready Built Unit 

Reprint of ETI articles at £ 1.00 + s.a.e. 


£120 +£2.00carr. 
£145 +£5.00 carr. 


MICROTIMER 

6502 Based Programmable clock timer with 

* 224 switching times/week cycle 

* 24 hour 7 day timer 

* 4 independent switch outputs directly interfacing to 
thyristor/triacs 

*6 digit 7 seg. display to indicate real time, ON/OFF and 

Reset times 
* Output to drive day of week switch and status LEDs. 


Full details on request. Price for kit £57.00 


ACORN ATOM 
Basic Built 


Expanded 
(carr £ 3/unit) 


Atom Disc Pack £ 299 + £6 carr 
3A 5 V Regulated PSU 

26 + £2 carr 
Full Range of Atomsoft in stock, 
Phone or send for our BBC Atom 
list. 


MONITORS 

BMC BM1401 14’ Colour Monitor 
RGB Input 18MHz Bandwidth 

£ 240+ £8 carr 

SANYO 12" Green Monitor 
Antiglare screen £99 + £6 carr 
MICROVITEC 1431 M/s 14” 
Colour monitor RGB input 

£ 269+ £8 carr 

RGB Lead for BMC £8 
Composite Videolead £ 3.50 


SEE OUR INSIDE FRONT COVER PAGE ADVERTISEMENT FOR COMPONENT PRICES 


PLEASE ADD 40p p&p & 15% VAT 
(Export; no VAT, p&p at Cost) 
Orders from Government Depts. & Colleges etc. welcome. 


Detailed Pi List on request 
Stock items are normally by return of post. 


Trcunomaric Lirp 
MAIL ORDERS TO: 17 BURNLEY ROAD, LONDON NW10 IED 
SHOPS AT: 17 BURNLEY ROAD, LONDON NW10 
1-452 1500, 01-450 6597. Telex: 922800) 
305 EDGWARE ROAD, LONDON W2 
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SPECIAL OFFER 
to Elektor readers 


KKK KKK KK KB BK BEEK KEK 


for only £11.95 + 75p P&P (inc.VAT) 


The DP 355 is a 3% digit LED panel meter with a full scale input of + 1.999 V D.C., and a basic accuracy of 0.5%. It 
has a very high input impedance (> 1 G&2) and good linearity, typically 0.1%. The whole instrument operates from a 
single 5 volt rail. Polarity and overload indication are automatically displayed. 

There is provision on the pcb to fit either attenuator resistors to alter the input voltage for full scale or shunt resistors 
for current measurement. The decimal points are user programmable to correspond to the full scale voltage/current. 
Full specifications and applications for use are included. 


Don’t miss this excellent offer closing date-31st Dec. 1982 
Only a limited number of meters are available, 
so order now while stocks last. 
Complete the coupon below and mail it, 
with your cheque or postal order, 
to Elektor Publishers Ltd., 10Longport, Canterbury, Kent CT1 1PE. 
Please allow 28 days for delivery. 


ie eh athe a a AE a eee 


Please send me panel meter/s @ £11.95 + 75p p&p each. 

| enclose cheque/P.O. for (payable to Elektor Publishers Ltd.) 
NAME: 

ADDRESS: 


E1282 


poco 
eee 
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HOME LIGHTING KITS 


‘These kits contain all nevessary components and full 
instructions & are designed to replace a standard wall 
switch and control up to 300w. of lighting, 


TDR300K RemoteControl £14.30 
Dimmer 

MK6 —Transmitterfor above £ 4.20 

TD300kK 


Touchdimmer £7.00 
TDEIK 


Extension kit for 2-way 
switching for TD300K £ 2.00 
£3.50 


L0300K Rotary Controlled 


HOME CONTROL CENTRE 

This New Kemote Control Kit enables you to 
control up to 16 different appliances any- 
where in the house from the comfort of your 
armchair. The transmitter injects coded 
pulses into the mains wiring which are 
received by receiver modules connected to 
the same mains supply and used to switch on 
the appliance addressed, Receivers are 
addressed by means of a 16-way keyboard, 
followed by an on or off command, Since 
pushing buttons can become rather boring, 
the transmitter also includes a computer 
interface so you can programme your favour- 
ite micro to switch lights, heating, electric 
blanket, make your coffee in the morning: 
etc., without rewiring your house, JUS 

THINK OF THE POSSIBILITIES. The KIT 
includes all PCBs and components for one 
transmitter and two receivers, plus a drilled 
box for the transmitter, 

Order as XK112, £42.00 


Additional Recievers XK111 £10.00 


ELECTRONIC LOCK KIT XK101 
This KIT contains a purpose designed lock IC, 
10-way keyboard, PCBs and all components 
to construct a Digital Lock, requiring a 4-key 
sequence to open and providing over 5000 
different combinations. The open sequence 
may be easily changed by means of a pre- 
wired plug. Size: 7 x 6 x 3. cms. Supply: 5V to 
15 V d.c. at 40uA, Ouput: 750mA max. 
Hundreds of uses for doors and garages, car 
anti-theft device, electronic equipment, etc. 
Will drive most relays direct. Full instructions 


supplied, 

ONLY £10.50 
Electric lock mechanism for use with latch 
locks and above kit . 


£13.50 


CHRISTMAS 


PRESENTS GALORE 


i mpo-! 
Contains all co 
nents, including front 


RO 
STOCKING FILLERS 


PACK (1) 
PACK (2) 
PACK (3) 
PACK (4) 
PACK (5) 


45 Sub-mi 


ALL PRICES 
EXCLUDE VAT 


_ THE MULTI-PURPOSE TIMER HAS ARRIVED 


Now you can run your central heating, lighting, hi-fi system and lots 


more with just one programmable timer. 


At your selection it is 


designed to control four mains outputs independently, switching on 
and off at pre-set times over a 7 day cycle, e.g. to control your central 


heating (including different switching 


times for weekends), just 


connect it to your system programme and set it and forget it—the 


clock will do the rest. 


FEATURES INCLUDE:- 

* 0,5" LED 12 hour display. 

* Day of week, am/pm and output status indicators. 
* 42zor0 voltage switched mains outputs. 

* 50/60Hz mains operation. 


Battery backup saves stored programmes and continues 
ime keeping during power failures. (Battery not supplied). 
Display blanking during power failure to conserve battery power. 


* 18 programme time sets. 
Powerful “Everyday” function enabling output 
to switch evary day but use only one time set. 


Useful “sleep” function-turns on output for one hour. 
Direct switch control enabling output to be turned on 


immediately or after a specified time interval. 
20 function keypad for programme entry. 
Programme verification at the touch of a button. 


(Kit includes all components, PCB, assembly 
and programming instructions). ORDER AS CT5000 


(6" x 9”). 


Free 


SHORT FORM CATALOGUE - send SAE 
We also stock Vero, 


Books, 


Resistors, Capacitors, Semi-Conductors etc. 


ELEKTOR PCBs NOW AVAILABLE 


ELECTRONICS® 


11 Boston Road 
London W7 3SJ 


650 Resistors 47 ohm to 10 Mohm - 10 per value £4.00 
40 x 16V Electrolytic Capacitors 10uF to 1000uF - 5 per value £3.25 
60 Polyester Capacitors 0.01 to 1uF/250V - 5 per value £5.55 
ture Presets 100 ohm to 1 Mohm - 5 per value £2.90 
30 Low Profile IC Sockets 8, 14 and 16 - pin - 10 off each £2.40 
PACK (6) 25 Red LEDs (5mm dia.) £1.25 
PACK (7) 20BC182 NPN General Purpose Transistors £1.20 
PACK (8) 20BC212 PNP General Purpose Transistors £1.20 


All full spec. branded devices 
BUY ANY 5 PACKS AND WE WILL SEND YOU 10 RED LEDs 


DVM/ULTRA SENSITIVE 
THERMOMETER KIT 


This new design is based on 
the ICL7126 (a lower power 
version of the ICL7106 chip) 
and a 3172 digit liquid crystal 
display. This kit will form the 
basis of a digital multimetor 
{only a few additional resistors and switches 
are required—details supplied), or a sensitive 
digital thermometer (-50°C to +150°C) 
reading to 0.1°C. The basic kit has a 
sensitivity of 200mV for a full scale reading, 
automatic polarity indication and an ultra 
low power requirement—giving a 2 year 
typical battery life from a standard 9V PP3 
when used 8 hours a day, 7 days a week 


Price £15.50 
DISCO LIGHTING KITS 


DL 100k 

This valueformoney kit 

features a bi-directional 

sequence, speed of sequence 

and frequency of direction 

change, being variable by 

means of potentiometers and incorporates a 
master dimming control. £14.60 
DLZ100K 

A lower cost version of the above, featuring 
undirectional channel sequence with speed 
variable by means of a pre-set pot. Outputs, 
switched only at mains zero crossing points 
to reduce radio interferenee to a minimum, 


Optional opto input o.ar_ Only £8.00 
Allowing audio ("beat") —light renponeg 
DL3000K Op 
This 3 channel sound to light kit features zero 
voltage switching, automatic level control & 
built in mic. No connections to speaker or amp 
required, No knobs to adjust ~ simply connect 


to mains supply & lamps. Qnly £11.95 


(iKw/Channel) 


“le 
K 


‘cludes PCB, woun 
‘and crystal earpiece and 
‘ll components to make a 
sensitive miniature radio. 
Size: 5. 5 x 2.7 X 2 oMs. 
5 PP3 9V battery. 

NERS. 

£5.00 


“OPEN-SESAME” 


The XK 103 is 9 general purpose infra-red trans- 
mitter/receiver with one momentary (normally 
‘open) relay contact and two latched transistor 
output. Designed primarily for controlling 
motorised garage doors and two auxillary out 
puts for drive/garage lights at a range of up to 
40 ft. The unit also has numerous applications 
in the home for switching lights, TV, closing 
curtains, etc. Ideal for aged or disabled 
persons. 

The Kit comprises a mains powered receiver, a 
four button transmitter, complete with pre- 
drilled box, requiring @ 9V battery and one 
opto-isolated solid state switch kit for inter- 
facing the receiver to mains appliances. As 
with all our kits, full instructions are supplied. 


ONLY £23.75 


REMOTE CONTROL KITS 
MK6 SIMPLE INFRA RED TRANSMITTER 
Pulsed infra red source complete with hand-held plastic box, Requires a 9V battery 
MK7 INFRA RED RECEIVER 
Single channel, range approx. 20ft, Mains powered with a triac output to switch loads up to 500W 
‘at 240V ac. £9.00 (RC5OOK ~Special Price for MK6 and MK7 together £12.50 
MK8 CODED INFRA RED TRANSMITTER 
Based on the SL.490, the kit includes all components to make a coded transmitter and only 
reauires a 9V (PP3) battery and keyboard, 8 x 2x 1,3cms £5.90 
MK10 16-WAY KEYBOARD 
For use with MK8 and MK18 to generate 16 different codes for decoding by the ML928 or ML926 
receiver (MK12) kit £5.40 
MK11 10-Channol + 3 Analogue o/p IR Receiver 
Based on ML922 decoder IC. Functions include on/standby output, toggle, control of volume, 
tone and lamp brightness. Includes its own mains supply. £12.00 
MK12 16-CHANNEL IR RECEIVER 
For use with MK8 kit with 16 on/off outputs, which with further interface circuitry, such as relays 
or triacs, will switch up to 16 items of equipment on or off remotely. Latched or momentary out: 
wuts ~ please specify when ordering. Includes its own mains supply. £11.95 
IK13 11-WAY KEYBOARD For use with MK8, MK18 and MK11 kits, £4.35 
MK16 Mains Powored IR Transmitter 
Mains powered for continuous operation ~ single channel, for applications such as burglar 
alarms, automatic door openers, etc. Range approx. 6 ft £2.50 
MK17 12V dic. IRRECEIVER 
For use with MK6 or MK16. Relay output with OP 3 Amp change-over contacts, may be used as 
latched, momentary or "break beam’ receiver, Operates from 6-13 dc 4 £9.50 


£4,20 


MK18 HIGH POWER IR TRANSMITTER 

Similar to MK8 but with range of approx. 60ft. £6.20 

Ancillary Kits : MK2 Solid State Relay 

Opto-isolated with zero voltage switching. No. triac supplied, £2.60 
MK15 DUAL LATCHED SOLID STATE RELAY 

Comprises 2 x solid state relays and latch for use with momentary 
version of the MK12, 2 output triacs required (not supplied). £4.50 33M 


24 HOUR CLOCK/APPLIANCE TIMER KIT 


Switches any appliance up to 1kW 
on and off at present times once per 
day. Kit contains: AY-5-1230 IC, 
0.5" LED display, mains supply, 
display drivers, switches, LEDs, 
triacs, PCBs and full instructions. 


CT1000K Basic Kit onsen in 
CT1000K with white box (56/131 x 71mm) 
(Ready Built) nee 


£14.90 
£17.40 
£22.50 


‘Add 55p postage & packing +15% VAT to total. 
Overseas Customers; 
Add £2.60 (Europe), £6.00 (elsewhere) for p&p. 
Send S.A.E. for further STOCK DETAILS. 
Goods by return subject to availability. 


OPE , 9am to Spm (Mon to Fri) 


10am to 4pm (Sat) 


‘ALING & NORTH 
CIRCULAR RO 


UXBRIDGE ROAD 


d8 NOLSO8 


TEL: 01-567 8910 ORDERS 
01-579 9794 ENQUIRIES. 
01-579 2842 TECHNICAL arter3PM 


ACCESS 
‘and 
BARCLAYCARD 
wolcome 
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MULLARD SPEAKER KITS 


‘A PURPOSELY DESIGNED 40 WATT R.M.S. 
BOHM SPEAKER SYSTEM _ RECENTLY 
DEVELOPED BY MULLARD'S SPECIALIST 
TEAM IN BELGIUM. Kit comprises a Mullard 8” 
Woofer with foam surround and aluminium 
voice coil. Mullard 3” high power dome 
tweeter. B.K.E, built and tested crossover, 
based on Mullard circuit combining low loss 
components, glass fibre board and recessed 
loudspeaker terminals. Recommended cabinet 
size 240 x 216 x 445 mm. 

A superb sound at a relatively low cost. 
Complete with instructions, Price £14.90 + 

p&p per kit. 


Now 5" 30 watt mini version of above now avail: 


able. 
Recommended cabinet size 180 x 155 x 295mm 


BK ELECTRONICS 
Prompt Deliveries 
VAT inclusive 
prices 
Audio Equipment 
Test Equipment 


(vp 1000 MONO DISCO MIXER 


A superb fully built and tested mixer/pro-amp with integral power supply. 4 
Inputs 2 turntables (ceramic cartridge). Aux. for tape deck etc., plus Mic. with 
‘override switch, all with individual level controls. Two sets of active tone controls 
(bass and treble) for Mic, and main inputs. Master volume control. Monitor output 
with select switch and volune control. 

Outputs Main 750 mV Monitor 500 mW into8 ohms. Supply 220/240V AC50/60Hz 


Price £13.90 +£1.00 p&p per kit. Size 224” x 43” x 2)" price £39.99 + £2.50 P&P 


STEREO CASSETTE TAPE DECK MODULE. 
Comprising of a top panel and tape mechan 
ism coupled to a record/play back printed 
board assembly. Supplied as one complete 
unit for horizontal installation into cabinet or 
console of own choice. These units are brand 
new, ready built and tested. 

Features: Three digit tape counter. Auto. 
stop. Six piano type keys, record, rewind, 
fast forward, play, stop and eject. Automatic 
record level control. Main. inputs plus 
secondary inputs for stereo microphones. 
Input Sensitivity: 100mV to 2V Input Im- 
pedance: 68K. Output level: 400mV to. both 
left_ and right hand channels. Output Im- 
pedance; 10K. Signal to noise ratio: 45dB. 
Wow and flutter: 0.1%. Power Supply re- 
quirements; 18V OC at 300mA. Connections: 
The left and right hand stereo inputs and 
outputs are via individual screened leads, all 
terminated with phono plugs (phono sockets 
provided). Dimensions: Top panel 5’in x 
11¥ain, Clearance required under top panel 
2¥ain, Supplied complete with circuit dia 
gram and connecting diagram. Attractive 
black and silver finish 

Price £26.70 + £2.50 postage and packing 
Supplementary parts for 18V D.C. power supply 
(transformer, bridge rectifier and smoothing 
capacitor) £3.50. 


9° 


6 piano type keys. 


NEW RANGE QUALITY POWER LOUD- 
SPEAKERS (15", 12’ and 8"), These 
loudspeakers are ideal for both hi-fi and 
disco applications, Both the 12° and 15 
units have heavy duty die-cast chassis 
and aluminium centre domes. All three 
units have white speaker cones and are 
fitted with attractive cast. aluminium 
(ground finish) fixing escutcheons 
Specificat.on and Price 


5'' 109 watt R.M.S. Impedance Bohm 
59 oz, magnet, 2° aluminium voice c 

Resonant Frequency 20Hz. Frequency 
Response to 2.5KHz. Sensitivity 97dB. 


Price £32 each £3.00 Packing and Car- 
nage each 


12" 100 watt R.M.S. Impedance 8 ohm, 50 oz magnet. 2 aluminium voice coil 
Resonant Frequency 25Hz. Frequency Response to 4KHe. Sensitivity 95dB. Price 
£23.70 each. £3.00 Packing and Carriage each. 


8" 50 watt R.M.S. Impedance 8 ohms, 20 oz. 1%" aluminium voice coil, Resonant 
Frequency 40Hz, Frequency Response to 6KHz, Sensitivity 92dB. Also available with 
black cone fitted with black metal protective grill. Price: White cone £8.90 each. Black 
cone/grill £9.50 each. P & P £1.25 each 


PIEZO ELECTRIC TWEETERS MOTOROLA 

Join the Piezo revolution. The low dynamic mass (no voice coil) of a 
Piezo tweeter produces an improved transient response with a lower 
distortion level than ordinary dynamic tweeters. As a crossover is not 
required these units can be added to existing speaker systems of up 
to 100 watts (more if 2 put in series), FREE EXPLANATORY LEAFLETS 
SUPPLIED WITH EACH TWEETER. 


TYPE ‘A’ (KSN2036A) 3" round with protective 

wire mesh, ideal for bookshelf and medium 

sized Hi-fi speakers. Price £3.45 each 

TYPE ‘B’ (KSN1005A) 3%" super horn. For 

general purpose speakers, disco and P.A 

systems etc. Price £4.35 each, 

TYPE ‘C' (KSN6016A) 2" ~ 5" wide dispersion 

horn. For quality Hifi systems and quality 

discos etc. Price £5.45 each, 

TYPE ‘D' (KSN1025A) 2” - 6” wide dispersion 

horn. Upper frequency response retained 

extending down to mid range (2KHz). Suitable 

for high quality Hi-fi systems and quality 

discos. Price £6.90 each 

TYPE 'E’ (KSN1038A) 3%” horn tweeter with 

attractive silver finish trim. Suitable for Hi-fi 

monitor systems etc. Price £4.35 each. 

TYPE ‘F’ (KSN1057A) Cased version of type 
Free standing satellite tweeter, Perfect 
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eal add on tweeter for conventional loudspeaker 
systems, Price £10.75 each. 
U.K. post free (or SAE for Piezo leaflets). 


TYRE'F? 


TYPE 'B’ 


TYPE:D" 


NN; 


AWRE'E 


1K.WATT SLIDE DIMMER 


© Controls loads up to 1KW 
© Compact size 
4m B" x 
16 
Easy snap in fixing through 
panel/cabinet cut out 
Insulated plastic case 
Full wave control using 8amp 
triac 
Conforms to BS800 
© Suitable for both resistance 
and inductive loads 
innumerable applications in 
industry, the home, and discos 
theatres etc. 


Price: £11.70 each + 50p P&P 


(Any quantity) 


Qn" 


BSR P256 TURNTABLE 
P256 turntablé chassis @ S shaped tone arm 
@ Belt driven @ Aluminium — platter @ 
Precision calibrated counter balance @ Anti 
skate (bias device) @ Damped cueing lever 
@ 240 volt AC operation (Hz) @ Cut out 


template supplied @ Completely manual arm 
This deck has a completely manual arm and 1s 
designed primarily for disco and 
where all the advantages of a manuz 
required 
Price: £28.50 + £2.50 PEP 


op POWER AMPLIFIER MODULES 


udio use 
arm are 


Matching 3-way loudspeakers 
and crossover 
Build a quality 60watt RMS system ohms 


Build a quality 60 watt R.M.S. system 
%* 10” Woofer 35Hz-4.5KHz 

* 3” Tweeter 2,5KHz-19KHz 

%* 5” Mid Range 600Hz-8KHz 


ow 
soe wm 


MEMBRANE — KEYBOARDS rm 
manufactured {rom a tough poly- 
carbonate film mounted on Imm 
glass fibre printed circuit board 
assembly incorporating silver plated 
contacts, 

16 way numeric 
Standard keyboard providing 0-9 

and A-F functions. 

Size: 100mm x 100mm Price: £5.99 +35p p&p 
Alpha Numeric Keyboard Full 

size 85 key non encoded keyboard 

with the commonly required 

functions in a Qwerty array. Matrix 


output via a 16 pin DIL socket. 
Size: 350mm x 102mm Price: £13.99 +50p p&p 


eyboard 


100 WATT R.M.S. AND 300 WATT R.M.S. 

MODULES 

Power Amplifier Modules with integral toroidal 

transformer power supply, and heat sink. Supplied 

as one complete built and tested unit, Can be fitted 

in minutes. An LED Vu meter is available as an 

‘optional extra, 

SPECIFICATION: 

Max Output Powor: 110 watts R.M.S. (OMP 100) 

310 watts R.M.S. (OMP 300) 

Loads: Open and short circuit proof, 4-16 ohms. 

Frequency Response: 20Hz — 25KHz +38, 

Sensitivity for Max. Output: 

500mV at 10K (OMP 100) 

T.H.D,; Less than 0.1% 

Supply: 240V 50Hz 

Sizes: OMP 100 360 x 115 x 72mm. 
OMP 300 460 x 153 x 66mm 

Prices: OMP 110 £31.60 each + £2.00 P&P 
OMP 300 £89.00 each + £3.00 P&P 
Vu Meter £6.50 each + 60p P&P 


1V at 10k (OMP 300) 


+ 3-way crossover 6dB/oct 1.3 and 6KHz 


Recommended Cab-size 26” x 


13" x 13” 


Fitted with attractive cast aluminium fixing es 


cutcheons anid mesh: protective grills which are 


removable enabling a unique choi 
styling. Can be 


and rolled foam surround. Crossover 


of cabinet 
nounted directly on to baffle 
with or without conventional speaker fabrics 
All three units have aluminium centre dome 

com: 


bines spring-loaded loudspeaker terminals and 


recessed mounting panel. 


Price £22.00 per kit + £2.50 postage and pack 


ing, Available separately, prices on request 


12" 80 watt R.M.S. loudspeaker. 

A superb general purpose twin cone loud 
speaker. 50 oz, magnet. 2 aluminium 
voice coil, Rolled surround Resonant fre 
quency iz. Frequency response to 
13KHz, Sensitivity 9508. Impedance Bohm, 
Attractive blue cone with aluminium 
centre dome. 

Price £17.99 each + £3.00 P&P. 


B.K. ELECTRONICS cerr.cx 


37 Whitehouse Meadows, Eastwood, Leigh-on-Sea, Essex SS9 5TY 
+ SAE for current lists. # Official orders welcome. % All prices include VAT. %& Mail order only. % All items packed (where 
applicable) in special energy absorbing PU foam. Callers welcome by prior appointment, please phone 0702-527572. 
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services 


7 HUGHENDEN 
ROAD, HASTINGS, 
SUSSEX. TN34 3TG 

Telephone: 
HASTINGS (0424) 
436004 


Post & Packing 50p for KS kits, 75p for UK kits, £1.00 for Cabinets. Send 20p S.A.E. for 
catalogue of our extensive range of kits & Cabinets, Trade, Educational & Export enquiries 
welcome, 


readers 


EPS print service 


Many Elektor circuits are accompanied 
by printed circuit designs. Some of these 
designs, but not all, are also available 
as ready-etched and pre-drilled boards, 
which can be ordered from any of our 
offices. A complete list of the available 
boards is published under the heading 
‘EPS print service’ in every issue, Delivery 
time is approximately three weeks. 

It should be noted however that only 
boards which have at some time been 
published in the EPS list are available; the 
fact that a design for a board is published 
in a particular article does not necessarily 
imply that it can be supplied by Elektor. 


Technical queries 


Please enclose a stamped, self-addressed 
envelope; readers outside UK please 
enclose an IRC instead of stamps. 

Letters should be addressed to the 
department concerned — TQE (Technical 
Queries). Although we feel that this is an 
essential service to readers, we regret that 
certain restrictions are necessary: 


pio) ae z 6 7 
MINI VHF SUPER- n MINIATURE F.M. 
REGENERATIVE Mini EM Transmitter TRANSMITTE 
RECEIVER 88-108 MHz 9 V d.c. Non LICENCEABLE 
88-108 MHZ 9V D.C, (not licenceable in UK) 
£5.27 inc VAT. £7.37 inc VAT. Eeao ine VAT. 


3 CHANNEL MICRO- 

PHONE OPERATED be 
SOUND TO LIGHT, 3 CHANNEL SOUND 3 CHANNEL CHASE 
300W PER CHANNEL, TO LIGHT, OUTPUT LIGHT, 1 KW PER 
240V AC. 3x 1 KW 240V CHANNEL, 240V AC, 
£ 11.58 inc V.A.T. £ 13.70 inc V.A.T. £ 10.52 inc V.A.T. 


ANTENNA AMPLI- 
10 CHANNEL CHASE THREE-WAY STEREO. FIER FOR AM/FM, 
LIGHT, 300W PER MIXER, PHONO, A.M. GAIN 25 dB 
CHANNEL, 240V AC, AUX, MICROPHONE FM 16 dB 
£ 14,73 inc V.A.T. £ 24,21 inc V.A.T. £5.27 inc V.A.T. 


STEREO STUDIO 
. MIXER, INPUTS: 
6 CHAN HIGH POWER 2 PHONO, 1 TAPE, WESTMINSTER 
VU DISPLAY, 300 W 1 AUX, 2 MICRO- CHIMES (BIG BEN) 
PER CHAN, 240V AC, PHONE 6-10V DC, 
£ 1.79 inc V.A.T. £69.46 inc V.A.T. £ 9.48 inc V.A.T. 


UK 677/A 


REGULATED SUPPLY 800, cate PRESCALER TRANSISTOR AND 
0-20V,2.5A VDC. DIODE TESTER 
£ 54.23 inc V.A.T. £ Be. 42 inc V.A.T. £ 14.73 inc V.A.T. 


IK 733/A 


1. Questions that are not related to 
articles published in Elektor cannot be 
answered. 


PSYCHEDELIC 
0-30 V, 2.6A LIGHTS CONTROL 
REGULATED SUPPLY i K.W. PER CHANNEL. 


WITH DIGITAL BASS-MIDDLE- Capacitive Discharge 
DISPLAY TREBLE CONTROLS Electronic Ignition 
£ 76.82 inc V.A.T. £ 23.15 inc V.A.T. £21.54 inc V.A.T. 


Questions concerning the connec- 
tion of Elektor designs to other 
units (e.g. existing equipment) can- 
not normally be answered. An 
answer can only be based on a com- 
parison of our design specifications 


a PORTABLE SIGNAL 15+ 15WRMS, 
with those of the other equipment. 


CENTRALIZED TEACER, COMPLETE STEREO AMPLIFIER 
ANTI-THEFT ALARM 4 24-30 V D.C, 


7 £ 33.67 inc V. 24, V.A.T. £ 16,84 inc V.A.T. 
Questions about suppliers for com- = ae 


ponents are usually answered on the 
basis of advertisements, and readers 
can usually check these themselves. 


INTEGRATED SOUND OPERATED 
CIRCUIT AMPLIFIER CAR BURGLAR SWITCH, 9-12V D.C. 
WITH TONE & ALARM. READY COMPLETE WITH 
VOLUME CONTROLS ASSEMBLED. MICROPHONE, 

£ 8.42 inc V.A.T. £ 11,58 inc V.A.T. £ 8.42 inc V.A.T. 


As far as possible, answers will be on 
standard reply forms. 


We trust that our readers will understand the reasons for 
these restrictions. On the one hand we feel that all technical 
queries should be answered as quickly and completely as 
possible; on the other hand this must not lead to overloading 
of our technical staff as this could lead to blown fuses and 
reduced quality in future issues. 


NICAD BATTERY 
DIGITAL D.C. VOLT- CHARGER, 
METER, 10-20-45-100-150 mA, L.E.D. VU DISPLAY, 
999 MV-999 V, 15V D.C.MAX INPUT 1-100W 
O5V DC, 240V AC. 5-12V DC. 
£17.89 inc V.AT. £ 8.42 inc V.A.T. £9.48 inc V.A.T. 


THE PROFESSIONAL 
APPROACH 


Flektor, the first in the field to provide 
a printed circuit board... 

and now, the first to bring you 

a fascia panel 


The Fascia Panel for the Elektor Artist Guitar Preamp joins the Elektor Printed Circuit Board 
Service. The Panel is manufactured from a high quality self-adhesive plastic which is scratch 
resistant and washable. Finished in three colours on a silver background it provides the elusive 
finishing touch. 

Price £1.70, available from Elektor Canterbury using the pre-paid order card in this issue. 


Elektor sets the pace 
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TIME CLOCKS 

200-250 V, 50 Hz Motor — 24 Hour Spun Aluminium Dial — SP. 
Isolated, 15 A Contacts Manual Overide Button — 3''x3.25"'x 2.25” 
deep — Integral mounting bracket. 
British made £4.95 EACH. P & P £1.00 
7 Day version as above but individual days can be selected to switch 
as required eg: stay off weekends or switch on in seven days time etc 

£7.95 EACH, P & P £ 1.00 


HIGH QUALITY RELAYS 

220-250V Coil, 2 PCO 5A gold plated contacts, 1''x0.7'x1.3" 
high, P.C.B. mounting £1.00 EACH 6 FOR £5.00 
12 V Coil Miniature Low Profile P.C. Mounting 2 PCO 1.2" x 0.9" x 
0.4”. Gold Plated contacts 2A ....£1.50EACH 4FOR£5.00 
24 V Coil (will switch on 12V DC) 2P normally closed. 10 Amp. 
Silver contacts 1.2''x1.2'x 1,8" high £1.00 EACH 6 FOR £5.00 
24V DC Coil Miniature P.C.B. 1°x0.4""x1" high S.P.C.O. GP. 
Silver 5 A Contacts 80pEACH 5 FOR£3.50 

P&P 1-6 RELAYS 50p 6 ORMORE £1.00 


TO 220 REGULATORS 
oe vet 40p EACH 
+VE 100 FOR £ 25.50 


MINIATURE BEAD THERMISTORS 
3 kQ @ 0°C, 100 2 @ 100°C. Ideal for making Thermometers etc. 
£1.50 PER PAIR on PTFE Leads P & P 30p 


‘SIEMENS’ FULL SPEC LED'S 
0.125" Red, Yellow, Green 
10 of one colour £1.00 EACH 10OF EACH £ 2.50 
0.2” Red, Yellow, Green 
10 of one colour £1.00 EACH 10OF EACH £ 2.50 
P&P 30p 


78121A 
78051 A 


1 10 FOR £ 3.20 


2V 
5V P&P 30p 


7 SEGMENT DISPLAYS 
0.4" FND 353 Common Cathode. . 40p EACH 10 FOR £3.00 
0.56" FND 510 Common Anode... 60pEACH 10FOR £ 4.00 
0.8" FND 850 Common Cathode.. 90p EACH 10 FOR £6.00 
All supplied with Connection Sheets. 


ALL PRICES INCLUDE VAT 


GEMINI BLECTRONIC COMPONENTS 
D ; 
“THE WAREHOUSE” 
SPEEDWELL STREET, 
DEPTFORD, LONDON, S.E.8 


This cassette style binder will help to keep 
your copies of Elektor clean and in 
order, even though you refer to them 
time and time again. The cham- 
fered corner of the cassette allows 
instant recognition of each 
month's issue without the need 

to thumb through pages of pre- 
vious months’ issues, Because 

no wires or fastenings are used 
copies can be easily removed and 
replaced and each cassette will hold 
one year’s volume of Elektor. Their smart 
appearance will look good on any laboratory 
shelf, 


for your copies of Elektor 


THE ELEKTOR 
CASSETTE BINDER 


LOSING DX? 


RARE DX UNDER ORM ? DIG it OUT with a Tunable Audio Notch 
Filter, between your receiver and speaker, BOOST your DX/QRM 
ratio, 40dB notch, hear WEAK DX, £16.40 

TIME WRONG ? MSF CLOCK is ALWAYS CORRECT — never gains 
or loses, SELF SETTING at switch-on, 8 digits show Date, Hours, 
Minutes and Seconds, auto GMT/BST and leap year, receives Rugby 
60KHz atomic time signals, built-in antenna, 1000Km range, 
TIME RIGHT , £69.60 

60KHz RUGBY RECEIVER, as in MSF Clock, serial data output for 
computer etc, decoding detailsand ZX81 listings for LOCAL, GMT 
and SIDEREAL time, £22.20 

V.L.F. ? EXPLORE 10—150 KHz, Receiver £19.40 

SIGNAL GENERATOR, 10Hz—200KHz, sine, square, £19.70 

Each fun-to-build kit includes all parts, printed circuit, case, 

postage etc, instructions, money back assurance so GET yours NOW. 


CAMBRIDGE KITS 


45 (KM) Old School Lane, Milton, Cambridge 


The nights are drawing in.. 


SO WHY NOT MAKE THE MOST OF YOUR 
SPARE TIME AND TAKE UP ELECTRONICS 


We stock thousands of electronic components: 

TRANSISTORS, LINEAR 1|.Cs., COMPUTER I.Cs., TRANS- 
FORMERS, C.MOS, TTL, OPTO ELECTRONICS, VERO 
PRODUCTS, ANTEX SOLDERING IRONS, RELAYS 
CRYSTALS, RESISTORS, CAPACITORS, BOOKS, SWITCHES, 
VOLTAGE REGULATORS, DIL SOCKETS, COPPER CLAD 
BOARDS, FERRIC CHLORIDE, PHOTOLAK, KITS, MULTI- 
METERS, BURGLAR ALARM KITS, AUDIO LEADS, AUDIO 
ACCESSORIES, OSCILLOSCOPES. 


ALL AT — ENFIELD ELECTRONICS 
208 BAKER STREET, ENFIELD 
Tel: 01-366 1873 


PRICE £2.90 
inc. postage & packing 


available from — 
Elektor Publishers Limited, 
10 Longport, 

Canterbury, 

Kent CT1 1PE. 

please use the order card in this issue. 
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311 EDGWARE ROAD, LONDON W2. TELEPHONE 01 723 9246 
ELEKTOR KITS OTHER KITS 


Pioneer gre vad see eee Se 9823 R.F, Noise Bridge ......-0005 ZW15 £ 22.50 
all parts includingPCB........ £12.50 S.W.R. Warning Alarm ........ ZW18 £ 6.20 
case, front panel, switch and neon £ 6.50 “Beginners Short-Wave Receiver .. ZW11 £13.50 

Auto lonisetisess-.n4 seamen 5 85 82162 £ 10.00 Active Receiving Antenna ..... ZW10 £ 9.00 

*Mosfet Hi-Fi Power Amplifier ... 82180 £33.25 Beginners 2 metre Converter.... ZW6 £15.00 

WTrlopededs sete si irvsakajeeccsa uate 4 82179 £14.00 Wide Band R.F. Preamplifier. ... ZW8 £ 7.50 

GUitarcal UNEM sre sera sewinenivths “oee x 82167 P.O.A. A.F, Speech Processor .......5 ZW14 £18.50 

* High frequency lighting for FUZZBON cfustadiancaain nica euaiiue ZB106 £ 6.75 

Model Railways .........0% 82157 £15.00 Lights Reminder for Car ...... ZB32 £ 5.25 

"Door Alarm as tavinaiewe caus 82172 £21.50 Microchime Door Bell ........ ZB96 £15.00 

* House Telephone System ...... 82147-1/2 £19.75 Electronic Canary. .......005 ZB19 £ 5.00 

*Time Receiver for the Warbling Timer 2.1.2... 00 ee ZB5 £ 6.75 

Rugby MS. Pei. aussainstenesinn inn 80524 P.O.A, Electronic Tuning Fork ....... ZB7 £11.50 

“Three Phase Tester ........05 82577 £11.50 Slide/tape Synchroniser....... ZB42 £11.50 

*L.C.D. Thermometer .....5..5 82156 £ 23.75 Micro Music Box ......+e eee ZB45 £19.00 

*Darkroom Computer.......05 82141-1/2/3 P.O.A. Audio Effects Unit ........05 ZB122 £12.25 

*Active:Aet lal o4 cute a soa tletae 82144-1/2 £15.25 3 Channel Sound to Light ..... 2ZB127 £19.00 

*Light Sensitive Switch ........ 82528 £ 4.20 Soil Moisture Monitor ........ ZB132 £ 5.00 

*Sound Effects Generator ...... 82543 £11.50 3 Channel Stereo Mixer ....... ZB141 £16.50 

PEATE S thar tye its natse rene soc sce Tess els 82014 £58.00 LIED: Dice nisiss pete s ae glen ZB146 £ 7.50 

*6502 Housekeeper .........- 81170-1/2 £59.50 Digital Rule Ultrasonics ....... ZB148 £ 28.00 

*TV Sound Interface ........% 82094 £ 9.00 “Xenon Strobe Lamp ........+5 ZB161 £15.50 

“Dynamic RAM Card ......... 82017 £31.25 L.E.D.:Sand:Glass: jie. ie cesses ZB162 £ 5.50 

POAMA: RAM Tester sages, isa 00 ised 82090 £ 6.50 Audio Compressor Mixer ...... ZB168 £13.50 

*Wind Sound Generator ....... 82066 £ 6.95 Model Train Chuffer ........% ZB175 £ 7.25 

* Automatic Squelch .......... 82077 £ 6.85 Ice Warning for Cars ........- ZB226 £ 5.50 

*Teletext Power Supply ....... 82065 £12.40 “2K RAM Pack (Mem, Exp. 2X81) .ZB230 £11.00 

* 2716/2732 Programmer ....... 82010 £23.50 

“Frequency Multiplier......... 82041 £ 8.95 *No cases supplied 

*Flashing Lights...........55 82038 £ 6.90 Reprints of all above projects 40p each (+ S.A.E. if no 

THIGH BOOSt eect iat Aucetecalale« 82029 £ 7.95 kit required) 

*Telephone Amplifier ......... 82009 £ 8,50 

“Shutter Speed Meter ......... 82005 £27.95 SPECI AL OFFERS 

“WRastiPestelasesserata usc: gators: « 80130 £ 3.50 A 

*Steam Train... ese eee eee 80019 £ 6.50 2732EPROM ............. each £ 4.00 

{Scrambler os... ee eevee wee 81142 £14.50) (AD 161/162....5 020.5 die wees ne matched pairs £ 50 
Parametric Equaliser (inc. 4 PCBs) .9897-1/2 £34.50 1N4148diodes.........-005 100 £ 1.50 

“Talk Funny... sees eee 80054 £10.00 BY127diodes...........-. 10 £ 1.20 

“Blektornados Si jeiacwiereu cmd state 6 9874 £19.50 100 £ 10.00 

* VHF/UHF TV Modulator... .. . 9967 £ 5.50 Ultra sonic transducers 

,Preconsonant . ss... sees eee 9954 £ 6.20 transmit/receive ..........- pair £ 1.00 

| Cassette Interface +++ 9905 £14.00 Computer electrolytics 21,000 u 40 V £ 3.50 
Audio Analyser ...... aa». 9932 £14.00 

*Power Flasher... 2.0.0 eee ee 78003 £ 3.50 BIG DISCOUNTS ON LARGE QUANTITIES 

* Disco Ceiling Lights ......... 81012 £70.00 VAST SELECTION OF ELEKTOR BACK ISSUES 

f All prices include post & 15% V.A.T. [BARCLAYCARD 
Personal callers ring first to check availability of kits. VISA _| 
y VISA/ACCESS welcome. — 


VERY WIDE SELECTION OF ELECTRONIC COMPONENTS- CMOS, TTL.LS, TRANSISTORS etc. 


MANY DARGAINS FOR CALLERS. VISIT OUR SHOP AT... 


or telephone 01 7239246 
Shop hours: Mon. to Sat. 9a.m. — 6p.m. 
Closed Xmas Eve 

No phone calls Saturday afternoon 
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new sense of direction 


solid-state gyros... 


Conventional gyros have to be accu- 
rately machined and are very expensive. 
Moreover, they are delicate mechanisms 
vulnerable to shock or vibration. Far 
more robust and cheap to produce is a 
new device based on a cylinder’s flex- 
ural mode of vibration and the effect of 
Coriolis force. 


Imagine a fleet of fork-lift trucks 
moving about a warehouse or factory, 
following precisely the routes they are 
instructed to take and automatically 
correcting any error in direction, but 
all without drivers. This is but one 
application foreseen for a novel device 
with a diameter of only 17mm and 
25 mm long. 

The device can be called variously a 
solid-state gyro or a rate gyro or a rate 
sensor. It was invented and is being 
developed by GEC Marconi Electronics 
at its research laboratories at Great 
Baddow in eastern England. The scientist 
concerned who demonstrated the device 
recently to members of the Royal 
Society in London is Dr R. M. Langdon, 
who has used the three different names 
and has researched the subject for a 
couple of years. 

The word gyro could perhaps be a little 
misleading because of our preconcep- 
tions. We know that it is a wheel or disc 
or cylinder rotating at a very high speed 
and often mounted in a complete set 


Basic shape of the solid-state gyro. 


Vibrating cylinder 


Thick base 


~+—Mount 


of gimbals. Simple gyros have been sold 
as toys, but the complete mathematical 
behaviour of such a device is far from 
simple (it involves vector analysis) and 
need not be considered here. 

Gyros have had and still have many 
successful uses, for example as compasses 
for navigation, in stabilizers for ships, in 
monorail vehicles, and so on, apart 
from military applications. These are 
the gyros we are familiar with, but the 
new Marconi device is quite different. 
For one thing it has no heavy, fast- 
rotating wheel or cylinder driven by a 
motor. It has no bearings in which 
anything moves. Yet it can do what 
many conventional gyros can do. That 
is why it is often called a gyro. It 
measures the rate of rotation of any 
vehicle in which it is mounted, so it is 
of the type known as a rate gyro. 


Virtually indestructible 


The reason for the search for newer 
devices to do most of the things that 
mechanical gyros do it that the latter 
are very expensive: their machining 
has to be extremely accurate so that 
there is negligible friction and no 
imbalance. So the gyros that are used 
for such tasks as navigation are very 
expensive — the smallest may cost as 
much as £1000. Furthermore, they 
are vulnerable to severe shock or vi- 
bration. A much cheaper device to 
do the same job yet be so robust that 
it is virtually indestructible is obviously 
a desirable product with a big potential 
market. 

Several scientists and engineers have 
used their skills to invent such new 
devices, relying on periodic vibrations 
instead of mechanical rotation. The 
earliest was a tuning-fork mounted 
vertically, its stem being of such 
dimensions that any torsional vibration 
would be of the same frequency as 
that of the tines. When the whole fork 
was rotated, the torsional vibration set 
up was measured and was proportional 
to the rate at which the fork was 
rotating. It was in effect a rate gyro. 
Other devices have utilized vibrating 
wires or rods, but little is known about 
them. As for the tuning-fork device, 
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despite intensive work in the USA 
and at the Royal Aircraft Establishment 
in Britain, it has not come into pro- 
duction, presumably because of the 
complexity needed for a satisfactory 
instrument and the cost of careful 
machining. 


Coriolis force 

At this stage of the argument it is 
necessary to introduce the notion of 
the Coriolis force, named after the 
French engineer and mathematician 
who postulated it in work published 
in 1835. He was concerned with the 
limitations of the Newtonian equations 
of motion in a rotating frame of 
reference. So he added another force 
in such a system, and when he did so 
the Newtonian equations could be 
used. (Physicists and mathematicians 
spent about a century searching for an 
‘absolute’ frame of reference only to 
find that they were chasing a will- 
o’-the-wisp, so a radical change of 
approach was needed, culminating in 
Einstein's Relativity Theory.) 

Early use of the Coriolis-force Idea was in 
calculations of ballistic trajectories, be- 
cause the Earth is a rotating body. 
Oceanologists and meteorologists have 
invoked the Coriolis force to account 
for ocean and air motions. More recently 
scientists have used it in connection 
with rotating systems such as gyros. 

It is the Coriolis force that comes into 
the explanation of how the Marconi 
device behaves. Basically, the device is 
a cylinder of metal, so asymmetric 
difficulty is avoided. It looks somewhat 
like a wine-glass, and everyone knows 
that is such as glass is struck near the rim 
it emits a ringing sound, just as a bell 
does. The fundamental frequency of the 
tone it gives off depends on the dimen- 
sions and the elastic modulus of the 
material. If we could observe it from 
above, the vibrations would be seen as 
shown, grossly exaggerated, in the dia- 
grams a, b and c. So the first problem is 
how to produce and maintain the 
vibration. This is done by means of 
piezoelectric crystals. Such a crystal 
will produce a vibratory motion in 
response to an applied oscillatory 


Flexural vibration of the cylindrical cross-section, shown undistorted (a) and subjected to 


forces as indicated in (b) and (c). 


(a) (b) 


| gall 
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Superimposing the distortions caused by 
flexural vibration, produced by applying an 
oscillatory voltage to transducers at A; and 
A2, shows that nodes appear at points 
marked C. Other transducers at By and Bz 
serve as sensors to pick up the movement and 
convert it back into an alternating electrical 
signal. 


electrical signal; conversely, it produces 
an oscillating current when made to 
vibrate physically. Moreover, it can be 
made very thin and small. 

In the combined diagram, the three parts 
of the previous diagram are superimpo- 
sed, with piezoelectric crystals mounted 
as shown at A; and Ag, and at right 
angles at B; and By. The oscillatory 
circuit is connected to Ay and Az while 
B, and B, are used as sensors to pick up 
the mechanical movement and convert 
it into electrical alternations. There are 
also piezoelectric crystals quipositioned 
between the As and Bs, and it can be 
seen that when the cylinder is stationary 
there is a node at each position marked 
C. That is to say, there is no movement 
of the cylinder wall at those places, so 
there is no electrical output from the 
C crystals. The symmetrical way the 
crystals are arranged helps maintain the 
overall symmetry. 

In practice there are various electronic 


circuits connected to several of the 
crystals, but we need not go into the 
detail. Some of the circuits maintain the 
frequency, others effect corrections, 
and so on. 


Distorting force 

Now let us suppose that the cylinder 
rotates about its central longitudinal 
axis, Immediately, the Coriolis force 
comes into play. The effect is to add a 
tangential force to the force along the 
diameter of the cylinder, that is, the 
force direction for the vibration, As a 
result there is distortion of the move- 
ment and the points marked C are no 
longer nodes; instead, there is some 
movement outwards and inwards. This 
is sensed by the transducers at C and 
can be measured electronically. The 
amplitude of the electrical signal so 
produced is directly proportional to the 
rate of rotation. When the signal is 
rectified, and thereby changed into a 
direct-current signal, its strength can be 
shown on a meter which, when suitably 
calibrated, gives a direct reading of the 
rotation rate. 

This sounds simple enough, but a great 
deal has been left out of the explanation 
in order to keep it readily understand- 
able. For example, it is not easy to find 
the exact point where there is a node, so 
two transducers may be needed, with 
subsequent electronic treatment. To 
overcome the difficulty, a better method 
of measurement has been used. A 
signal that is 90 degrees out of phase 
with the input signal at A; is added to 
the output fromC. Fairly simple 
mathematics then shows that the signal 
to be used is shifted in phase and that 
the shift is directly proportinal to the 
rate of rotation. With this technique 
there is greater sensitivity. 

Such a device must be inside a cylin- 
drical cover for protection, The first, 
made for investigation, had an overall 
length of 85mm and a diameter of 
50 mm. It was made of brass and had 


Sensor circuit arrangement for variable-phase output. 


Phase-locked 
loop 


Summing amplifier 


Phase 
detector 


Rotation 
rate 
output 


n/2 
phase shift 


Miniature version of the rate sensor, 
measuring 25 mm x 17 mm. 


a fundamental vibration frequency of 
about 3kHz. Many experiments were 
done with it to discover the next practi- 
cal steps necessary in the research and 
development. For example, would tem- 
perature affect the performance? What 
adhesive would be best both for adhesion 
and electrical conductivity to the metal? 
How much would the distance between 
active cylinder and the surrounding 
cover affect the accuracy? Many such 
questions affecting the accuracy, stab- 
ility, sensitivity, ease of manufacture, 
and so on were raised for continued 
investigation. And what about minia- 
turization? A much smaller one was 
made and it worked satisfactorily, It 
was that version which was shown 
recently in London. 

So the correctness of the basic as- 
sumptions has been proved, and the 
company has been careful about world- 
wide patents. However, there is still 
a lot to be done and it will be a few 
years before there will be a product 
suitable for marketing, 

The device is indestructible and un- 
affected by shock or vibration, and it 
would be inexpensive to produce. For 
the most delicate applications it would 
not rival the conventional gyro, but it 
would still be sensitive and accurate 
enough for many uses. For example, 
once a rate signal is obtained it can be 
integrated to find the total angle of 
turn. Through modern electrics and 
electronics, the signal could be used for 
directing a vehicle automatically. Trac- 
tor machines could be made to steer 
according to a preprogrammed plan, 
and fork-lift trucks could be guided 
about a works complex quite auto- 
matically. This is the outlook for say, 
five years time. 


Spectrum, no. 180/1982 (833 S) 
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The built-in electronic instinct is pro- 
grammed to seek the brightest point in 
the room. A deviation routine in the 
logic circuit ensures that it cleverly 
avoids the many obstacles on its path 
towards the light. 

For specialists it is clearly a simple 
cybernetic model. But to other, un- 
C) biased observers it is a spectacular 
: electronic monster. For domestic pets 
it is a strange encounter of the third 
kind. For electronic hobbyists it is a 
lot of fun. 
When a technical creation becomes 
self-controlled it usually appears mon- 
strous to us humans. Inanimate objects 
are supposed to be ‘dead’ and indepen- 
dent action is associated with living 


Tripodus Electrus Diclopus (TED) ie a beings. Exceptions to this rule are 


spooky. A locomotive which becomes 
self-controlled is a ghost locomotive and 


J. Cornelissen 


People will be 

astonished to see this 
three-wheeled creature 
moving along the floor, 
buzzing and chirping. Not 
only does it make strange sounds, 
but it appears determined to reach some 
destination. First it travels forwards, bumps into an obstacle, makes an 
elegant reverse U-turn then continues in a determined fashion towards 
some invisible destination. After careful observation of its behaviour, when inanimate objects move without 


the only conclusion that can be drawn is that the creature is a light- being instructed to do so it is eery. This 
addict! is what we are dealing with here. It is 


F small, a bit weird but a lot of fun. 
Hence the name Triopodus Electrus Diclopus, or TED for short. 
In normal terms it means: a light seeking, three wheeled, electro- 


mechanical hybrid. Action and reaction 

As in the case of a living being, TED re-. 
quires an internal locomotor system. It 
is driven by two electric motors that 
draw their energy from a rechargeable 
battery. The locomotor system is com- 
pleted by three wheels. Another charac- 
teristic of living beings is the ability to 
react in a specific manner to external 
stimulus. This results in a behavioural 
pattern. Our TED is equipped with 
simple sensory organs: two light-sen- 
sitive cells consisting of light-dependent 
resistors provide the electronic creature 
with directional, light-seeking behaviour. 
Simple contacts allow it to detect 
obstacles. 


12-18 — elektor december 1982 


The two eyes (hence diclopus) are fitted 
at the front at an adequate distance 
from each other; they contain LDRs. If 
the light impinges laterally, then one of 
the two LDRs is subjected to less light 
than the other. The result is that the 
motor’s electronic control circuitry 
executes a change of course which lasts 
until the light impinges from the front 
and both LDRs are subjected to the 
same amount of light. 

If there is only one light source in 
a room with dark walls, our mon- 
ster will always travel towards this 
light source. The direction it faced when 
it was placed on the floor is immaterial 
(figure 1). There is, however, one excep- 
tion: when travelling away from the 
light source, no direct light impinges on 
the LDRs. Both are dark and TED will 
travel aimlessly into the darkness. 

The situation is somewhat more com- 
plex in daylight conditions. On an 
infinitely large area subjected to sun- 
shine, our stubborn electronic creature 
would travel east in the morning, south 
at noon and west in the evening, as long 
as the battery still delivered energy. 
However, these conditions do not 
prevail in a room; several windows 
provide several light sources and the 
creature must select one of them. The 
direction of travel depends on the 
initial direction when it was switched 
on, There are often strange results 


which cannot be foreseen in the develop- 
ment stage: when faced with a ‘difficult 
decision’ the entire system of the crea- 
ture can start oscillating; this is made 
noticeable by the creature swinging to 
and fro on the spot as though it can- 
not make upits mind. This phenomenon 
is occasionally encountered in more 
intelligent beings! The problem was 
largely solved, however, by an appro- 
priate modification to the circuitry. 

Since most windows do not extend 
down to the floor, the cybernetic 
creature often changes direction when 
approaching a window: when it enters 
the shade area it may suddenly detect a 
light object that was previously unde- 
tected on account of the bright light 
from the window. Instead of con- 
tinuing its journey towards the wall, the 
creature changes direction and heads 
for a light waste-paper basket. During 
this turn, it can also happen that the 
light from another window appears in 
the view of TED and becomes the new 
destination. The creature is even capable 
of avoiding obstacles. An object placed 
in its path, such as a carboard box or 
waste-paper basket or even a human, is 
avoided if — and this is important — 
the object is in front of the light source 
and appears darker than the background 
to the LDR eyes (figure 2). If the 
obstacle has a light colour and is illumi- 
nated from the side towards which the 
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Figure 1. If there is only one light source in a room with dark walls, TED will always travel 
towards this light source. The direction it faced when placed on the floor is immaterial. 
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creature is travelling, it is immediate- 
ly attacked. Even the light-coloured 
trousers of Elektor staff members were 
not spared. 

On the other hand, the legs of chairs 
and tables are not detected. The crea- 
ture can ‘see’ about as much as a human 
who tries to walk towards a light win- 
dow with his eyes closed. Two sensor 
contacts are interconnected by means of 
a bracket which forms a kind of ‘front 
bumper’; this informs the creature 
when it has bumped into an undetected 
obstacle. When the bumper touches an 
object the creature’s ‘vision’ is briefly 
disabled and it executes an ‘instinctive 
action’. It reverses for a short distance 
(to obtain sufficient space for a change 
in direction) then makes a turn to the 
left or right, depending on the location 
of the obstacle. Luckily, our electronic 
creature is not capable of intelligent 
thought. Its creators wisely refrained 
from providing it with a computer brain 
and merely made use of simple and 
easily constructed, hard-wired logic 
circuitry. 


The circuit or simple nervous 
system 


From the electronic viewpoint TED is a 
fairly simple creature: it has simple sen- 
sors, simple logic circuitry and simple 
drives. Let us consider the sensors first. 
The most important sensory organs are 
the two LDRs which form a potential 
divider (R1, R2). When subjected to the 
same amount of light the two LDRs 
have the same resistance; half the oper- 
ating voltage is then applied to the mid- 
point. Two triggers without hysteresis 
ensure that any deviation from this 
midpoint results in a binary signal for 
‘right/left’. The two LEDs D3/D4 
indicate the initial state and are in- 
dispensable for alignment, as described 
later. 

The following memory stage IC2 
prevents direct feedback from the drive 
(direction control) to the direction in- 
dicators (LDRs). If the LDRs were to 
control the drive motors directly, 
hunting or oscillating could easily occur. 
In order to avoid such nervous over- 
reactions the creature was given a 
‘tranquilliser’ in the form of IC2. This 
ensures that the results of its sensory 
perception are passed on with a slight 
delay, whenever clock generator A3 
emits a pulse. TED blinks, so to speak, 
at the rhythm of the clock gener- 
ator, LED D5 also flashes with each 
clock pulse, to make the blinking 
noticeable. 

Direction control and drive are inter- 
related: this is an integrated function 
of the type used by track-laying ve- 
hicles. Each of the two drive wheels 
has its own motor and each motor has 
its own control system. When the 
directions of rotation are in opposition 
the TED turns on its own axis. When the 
directions of rotation are the same it 
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travels forwards or backwards, depend- 
ing on the polarity of the motor supply. 
A bridge circuit of four transistors for 
each motor caters for polarity inversion. 
Driving of the bridge output stages is 
simply performed by inverting CMOS 
buffers (N17...N20). Since the 
motors are controlled digitally and not 
proportionally, the power loss is very 
low. As much of the battery energy as 
possible is made available for the drive 
system. 

So that TED will not ‘give up the ghost’ 
in front of every obstacle, the circuitry 
contains a deviation logic circuit. A 
front bumper is mounted on two sen- 
sors that require only slight pressure 
for actuation, When an obstacle is 
bumped into, these sensors deliver a 
logic ‘0’ to the inputs of the flip-flop 
consisting of the two NAND gates N1 
and N2, and to the inputs of gate N3. 
N3 represents an OR-function for the 
sensor signals: as soon as a sensor is 
actuated by a collision, N3 delivers a 
pulse to the two monostables N13/N14 
and N15/N16. The duration of the 
toggled state of N15/N16 is about twice 
as long as that of N13/N14, The shorter 
time governs the duration of reverse 
travel and the longer time governs the 
total duration of the avoiding action. 
The whole operation consists of reverse 
travel of about one length of the crea- 
ture, followed by a 90° turn. 


In the event of a reaction to light (no 
collision) pin 9 of N9 and pin 5 of N10 
are at logic ‘1’. The information from 
the latch is allowed to pass. At the 
following OR-gates N7 and N8, pin 13 
(N7) and pin 1 (N8) are at logic ‘0’. 
This means that only the ‘visual’ infor- 
mation is allowed to pass here also 
(logic signals at the outputs of N9 and 
N10). When an obstacle is bumped into, 
both monostable outputs (pin 4 of N14 
and pin 10 of N16) are first at logic 
‘1’. This causes pin 3 of N4 to go to 
logic ‘0’; N9 and N10 are inhibited. The 
outputs of N7 and N8 are now at logic 
‘4’ until the monostable consisting of 
N13 and N14 reverts to logic ‘0’ at its 
output: TED travels backwards! 

Where do the two ‘ones’ come from? 
The outputs of N5 and N6 are at logic 
‘1’ because the interconnected inputs 
(pins 9 and 5) receive a logic ‘1’ from 
the monostable. N11 and N12 allow 
these logic ‘ones’ to pass, because their 
interconnected inputs receive a logic 
‘1’ from the second monostable. 

If monostable 1 toggles back to zero, 
the state of the flip-flop must be trans- 
ferred to the motors: it determines 
whether a turn to the left or right is 
made. If the output of the first mono- 
stable goes to zero, N5 and N6 deliver 
the flip-flop information via N11, N12, 
N7 and N8 to the motors. N11 and N12 
are only inhibited when the second 
(‘longer’) monostable reverts to zero 
somewhat later. NQ and N10 are en- 
abled again, thus restoring the original 
state. 


elektor december 1982 — 12-19 


Figure 2. Since most windows do not extend down to the floor, the cybernetic creature often 
changes direction when travelling towards a window: when it penetrates the shade area, 

light objects are suddenly detected which were not noticed in the bright light of the window. 
When placed in its path, an object such as a cardboard box, waste-paper basket or even a 
human is avoided if — and this is important — it is between the light source and the creature 
and is therefore considered as background when viewed by the LDR ‘eyes’. 
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Figure 3. The circuit of the cybernetic creature, our TED evaluates the light impinging on R1 
and R2; 11... T8 provide the motor control circuitry; S1 and S2 evaluate ‘contact with the 
enemy’ and the sound generator with loudspeaker gives the creature its speech, 
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Construction 

The electronic circuitry should present 
no problem and can simply be as- 
sembled on the printed circuit board 
shown in figure 4. Care must be taken 
to insert all ten wire links and to ensure 
that the cooling surfaces of all nine 
power transistors are facing R9/R8. 
When all components have been fitted 
to the board and inspected, we can 
turn to the mechanical construction of 
TED. 

Figure 5 shows the solution as tested in 
the Elektor laboratory. Of course, many 
versions are possible. A base supports 
the printed circuit board and the re- 
chargeable battery. The battery voltage 
is 6V. Although the CMOS ICs and 
LEDs consume relatively little power, 
the motors draw approximately 250 to 
300 mA under load (rolling resistance, 
friction of the gearbox and drive belt). 
Normal dry batteries would be in- 
adequate; for this reason a rechargeable 
battery with a minimum capacity of 
0.6 Ah was chosen. It powers both the 
motors and the electronic control cir- 
cuitry. Any interference generated by 
the motors has no effect on the con- 
trol circuitry. The two LDRs which 
form the ‘eyes’ are mounted externally 
on the left and right. The loudspeaker 
and battery switch S3 must also be 
connected and mounted somewhere 
on the base. 

Switches S1 and S2 are assigned par- 
ticular locations as are the LDRs. They 
are mounted on a bracket which serves 
as the ‘bumper’. If the creature bumps 
into an obstacle, one of the two sensors 
closes and activates the electronic cir- 
cuitry. LEDs D3, D4 and D5 are first 
mounted on the printed circuit board. 
Later, when TED has assumed its final 
form, they can be mounted elsewhere 
to improve the appearance. The base 
is propelled by two motors. We used 
two 6V/350mA motors. The worm 
drive was fitted with a gear and pulley 
that supports the drive belt at the motor 
end; the belt is a rubber band of the 
type used for sealing preserving jars. 
Situated at the wheel end is a gearbox 
which steps down the rotary motion 
transferred by the belt. Mounted at 
the input of the gearbox is a pulley of 
the same size as that at the motor. Thus 
the motor speed is transferred to the 
gearbox at a ratio of 1:1. The drive 


triopede 


Figure 4. Track pattern and component layout of the printed circuit board for the Triopede. 
Ensure that all ten wire links are inserted and that the cooling surfaces of all nine power 
transistors are facing R9/R8. 


wheel, which rotates approximately 
4...16-times more slowly than the 
belt pulley, is positioned at the output 
of the gearbox. 

With this design the creature reaches a 
speed of approximately 10cm_ per 
second, which corresponds to 0.36 km 
an hour. The LDRs are darkened at 
the rear using an indelible marking pen 
or black adhesive tape. No shielding 
against lateral light is required. 


Alignment 


P1,P2: 
These are used to establish the ‘blind 


zone’ in the visual range of TED. 
A change of direction of a light source 
within this blind zone must not cause 
any change in course. If the range of 
tolerance becomes too small or even 
zero, ‘motor hunting’ can occur, as 
already mentioned. If it is too great, 
obstacles can no longer be detected 
in time. 

A room is chosen with a light source 
in the form of a single spot if possible 
(small window or light bulb). Place 
TED on the floor at a distance of a 
few metres from the light source and 
facing it with both ‘eyes’. Then rotate 
it about 10 degrees to the left. More 
light now impinges on LDR1: the volt- 
age at point A becomes greater than 


triopede 
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Figure 5. Here is the construction tested in the Elektor laboratory. A base supports the printed circuit board and the rechargeable battery. This 
base is propelled by two motors whose speed is reduced by gearboxes. The creature reaches a speed of 0.36 km/h. 


Parts list 


Resistors: 

R1,R2= LDR 
R3,R4,R5 = 470 2 
R6,R15 = 22k 
R7=1k 
R8,R9,R17,R18 = 10k 
R10 = 2k2 
R11,R12=47k 

R13 = 470k 
R14=1M 

R 16=33k 

(P1,P2,P3 = 10 k trimmer 


Capacitors: 

C1,C2,C3 = 4u7/16 V 
C4 = 470u/16 V 
C5,C6 = 47n 
C7=100n 


Semiconductors: 
D1,D2= 1N4148 
D3,04,D5 = LED 
71,13,T5,T7 = BD 239C 
T2,74,T6,T8,T9 = BD 240C 
1C1=LM324 

1C2 = 4042 

1C3 = 4011 

1C4 = 4071 

IC5 = 4081 

IC6 = 4001 

IC7 = 4049 

IC8 = 4093 


Miscellaneous: 

LS = loudspeaker 8 2/0.2 W 

§1,S2 = sensors (pushbuttons) 

S3 = on/off switch 

6 V rechargeable battery, 0.6 Ah min. 


U/2. Adjust P1 so that LED 1 just 
begins to light up. Now rotate TED the 
same number of degrees to the right. 
Adjust P2 so that LED 2 just begins to 
light up. 

During forward travel (with the light 
source dead ahead), neither of the two 
LEDs must light up. LED 1 and LED 2 
must never light up simultaneously. 
This can, however, result from an in- 
correct adjustment of P1 and P2. Fine 
adjustment of the clock frequency can 
only be made while the creature is 
travelling. Its speed is very important. 
The clock frequency can only be ad- 
justed to suit the mechanical construc- 
tion of the propulsion system after a 
few trial runs. It is also interesting to 
observe the change in behaviour of the 
creature at different clock frequencies 
(approximately 2-10 Hz). 

When it is switched on TED acts as 
though it had just bumped into an 
obstacle. Wait until the reverse travel 
and subsequent rotation have ended. 
For a functional check it is advisable 
to disconnect the link between the 
motors and the drive wheels. 


Connecting the motors 

The motors must be connected with the 

correct polarity so that TED will not 

unintentionally travel backwards or in 

acircle. The procedure is as follows: 

1. Illuminate the LDRs in such a way 
that D3 and D4 do not light up. The 


two motors should now rotate for for- 
ward travel if they were properly con- 
nected, 
2. Rotate TED so that the light source 
is at the front right (as viewed by 
TED). The right drive wheel should now 
rotate backwards and the left wheel 
forwards. 
3. Rotate TED so that the light source 
is at the front left. The motors 
should now change their direction of 
rotation, The left wheel should run 
backwards and the right wheel forwards. 
4. |f, after bumping against an obstacle 
and reverse travel, the creature turns 
towards the obstacle instead of away 
from it, S1 and S2 should be inter- 
changed. 


Finally... 

.. all that is left is the final appearance 
of TED and this is a matter for individ- 
ual appreciation. However, we would 
advise against a terrifying exterior; the 
‘cybernetic look’ is probably quite 
sufficient. Have fun. i 
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Good control 
with high power 


precision power supply 


If any circuit is to be accurately and 

safely tested a good power supply must 

be used. It is not sufficient for it to be 

just a stabilised supply, it must also in- 

clude some form of protection against 

faults arising in the circuit under test. 

This usually takes the form of current 

limiting and output short circuit protec- 

tion. 

In order for it to fulfil its function cor- 

rectly, a power supply should have the 

following facilities. 

© The ability to deliver fairly high cur- 
rent levels at voltages of 24V or 

more. 

@ It must be completely stable at all 
output conditions. 

@ The output must have some form of 
short circuit protection. 

@ Current limiting control up to the 
maximum current output. 

@ An output voltage control that is 
fully variable from 0 to maximum. 

© Accurate indication of both current 
and voltage output levels. 

© Sense inputs to allow compensation 
for voltage drops when long supply 

cables are necessary. 


precision 


power supply | 


Any item of test equipment is useful but only 


one is absolutely necessary and that is Ue 


some form of power supply. These 
normally provide a voltage output 
of up to 25 or 30 volts at 


about 1 amp which is 
fine for most 
purposes. 

However, 

this current 

level can 

be rather limiting 
when testing 
computers, audio 
amplifiers and other 


Although the last two points are not 
strictly necessary, their inclusion makes 
the power supply more versatile and 
easier to use. 

The precision power supply here fol- 
lows the standards set by commercial 
equipment and includes all of the above 
features. It has a variable output voltage 
range of 0 to 35 V and continuously 
variable current limiting up to 3 amps. 
The performance is on a par with fairly 
expensive commercial power supplies 
but approaches the stabilisation prob- 
lems with a rather novel circuit design. 


The principles 

The vast majority of power supplies use 
either ‘series’ or ‘pass’ regulation. This 
means that the stabilising power transis- 
tors are connected (effectively) in series 
or in parallel to the load. In common 
with most designs the circuit here utilises 
series pass regulation. The originality in 
the circuit design is the method used for 
stabilisation. 

The block diagram in figure 1a illustrates 
the principle of a conventional series 
regulator. The active element of the cir- 


high power equipment. It is 
essential too that some form 

of protection such as current 
limiting is included in the circuit 
design. The precision power supply 
here is capable of providing up to 

3 amps at 35 V and incorporates both 
current limiting and short circuit 
protection. Meters are included to enable 

current and voltage output levels to be monitored. 


precision power supply 


cuit is opamp A and its output is the 
source of the load current, that is, in 
series with the load R,. The non-invert- 
ing input of the opamp is held at a refer- 
ence voltage, Uref. The inverting input 
of the opamp is at a voltage level that is 
a proportion of the input voltage — de- 
rived by potentiometer P. Under these 
conditions the output of the opamp will 
become stable at the point where the 
voltage difference between the two in- 
puts is zero. That is, the opamp will 
maintain a condition where the reference 
voltage and that at the wiper of poten- 
tiometer P are equal. It will be obvious 
that the output voltage will therefore be 
dependant on the position of P. With 
the potentiometer in mid position the 
output will be double the reference volt- 
age. The disadvantages of this system 
are that the stability factor is dependant 
on the setting of potentiometer P, the 
output can never be lower than the refer- 
ence voltage and the operation of P will 
not be linear. Two of these points may 
not be so significant in some cases but 
an output minimum that is restricted to 
the reference voltage will be embarrassing 
to say the least! 
The block diagram of figure 1b provides 
another solution. In this case, the opamp 
is used as a unity gain amplifier and P 
becomes a voltage divider connected 
across the reference voltage. The output 
of the opamp will now be proportional 
to the voltage level at the wiper of P. 
In this configuration the output 
range will be between O and the 
reference voltage. This sounds 
better but it is still far 
from ideal. The opamp 
will now require a 
negative voltage 
supply rail, an 
added dis- 
advan- 
tage. 


The 
refer- 
ence volt- 

age must be at 
least as high as the 
maximum required 
output, not an ideal situ- 
ation! Finally, the stability 
factor is still a question of poten- 
tiometer P. 

Figure 1c goes a long way towards re- 
moving the problems by replacing the 
reference voltage, as far as the opamp 
is concerned, with a reference current. 
The output voltage is now determined 
by the current passing through P. The 
advantage is that the circuit is no 
longer dependant on the reference volt- 
age level. 

We now arrive at figure 1d which, in 
principle, is very similar to 1c. The ref- 
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erence current in this case is derived 
from the output voltage via a series 
resistor R. The idea is not entirely new 
but the method used here is a little 
unorthodox. 

As previously mentioned, a current 
source is achieved by placing a resistor 
in series with a reference voltage derived 
from the output. However, for this to 
happen in practice, the value of poten- 
tiometer P has to be much lower than R. 
The opamp still tries to balance out the 
difference between the voltage levels at 
its inputs but now the output voltage 
will be equal to the level on its non- 
inverting input. 

The series resistor is effectively placed 
between the two inputs of the opamp. 
However, due to the high impedance 
of the inputs, theoretically at least, no 
current can enter the opamp. In effect 
then, the current derived from the refer- 
ence source follows the path shown as a 
dotted line in the block diagram. Since 
U1 =U2 (the opamp ensures this) the 
current level remains constant, totally 
independant of P and the load. The 


current level is equal to on . The 
opamp will balance out the voltage 
across P and, in doing so, the reference 
current is compensated for any change 
in load. The result of all this is that the 
circuit conforms to what we are looking 
for, a constant reference current (even 
at O V) using a reference voltage source 
and a resistor. 


The precision power supply 

The major difference between the block 
diagram of the precision power supply 
in figure 2 and that of figure 1d is the 
fact that two opamps and a series pass 
power transistor are included. The cur- 
rent source (Uref and R) and the poten- 
tiometer P1 are very similar. 

The second opamp A2 is responsible for 
output current limitating. The voltage 
across the emitter resistor Rg of transis- 
tor T is proportional to the output load 
current. A proportion of the reference 
voltage is derived by the setting of P2 
and this is compared to the voltage 
across Rs by opamp A2. When the volt- 
age across Rg becomes higher than that 
set by P2, the opamp reduces the base 
drive current to T until the difference 
is reduced to zero. The LED at the out- 
put of A2 functions as a current limiter. 


The circuit diagram 

So much for the theory, now for its 
practical application. The circuit of the 
power supply, shown in figure 3, has 
two independant power supplies (if that 
makes sense!). The power for the out- 
put stage is provided by transformer Tr2 
which, of necessity, will be rather a 
hefty beast. Transformer Tr1 provides 
power for the reference source and the 
opamps. 

The reference source is derived with the 
aid of the inevitable 723 (the worlds 
longest living chip?). The components 
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Figure 1, The drawings here, in conjunction 
with the text, illustrate the advantages of why 
the use of a constant current reference source 
is preferable to a reference voltage. 


12-24 — elektor decomber 1982 
ee 


around this IC were chosen to provide a 
reference voltage of 7.15 V. This appears 
at the junction of R1/R5, R15/R16 and 
RQ. For ease of understanding it should 
be noted that R4/R5 represents R and 
1C2 corresponds to A1 in the theoretical 
diagram of figure 2. 

The reference voltage eventually arrives 
at the non-inverting input of 1C2 (pin 3) 
while the inverting input is connected 
to the zero rail via R8. Diodes D2 and 
D3 are included to protect the inputs of 
the opamp against surge voltages. The 
output of IC2 controls the power out- 
put stage, consisting of transistors 
T3, T4 and T5, by providing the base 
drive current for transistor T2. 

A word about transistors T3...T5. 
.| These are connected in parallel and their 
outputs are combined via emitter re- 
sistors to provide the power supply out- 
put via R21. This resistor is the practical 
counterpart of Rg in figure 2. The use of 
three 2N3055’s in this configuration 
provide an economical power stage that 
can handle up to 3 amps comfortably. 
The voltage across R21 is compared in 
IC3 with a voltage level determined by 
the setting of P2. This latter is derived 
from the reference source via R15/R16. 
The output of IC3, like that of IC2, is 
fed (via D5) to the base of T2. When the 
output current is higher than that set by 
P2, the output current is reduced by 
IC3 until the two levels are matched. 
Transistor T1 and its surrounding com- 
ponents cause the LED D7 to light 
when current limitation is in effect. 
Two meters are included to allow direct 
monitoring of both voltage and current 
levels at the output. Each meter is pro- 
vided with a series potentiometer, P3 
and P4, to allow for fine calibration. 
These can be replaced with fixed re- 
sistors if desired once their values have 
been found. 

Capacitor C3 in the reference voltage 
circuit (IC1) serves two functions. It 
reduces any noise produced by the inter- 
nal zener of the 723 and it also provides 
a ‘slow start’ for the reference voltage 
supply. This means that when the power 
supply is first switched on, the opamps 
are giving time to ‘settle down’ before 
being asked to do any work, a sort of 
early coffee break! If this slow start was 
not designed in it could possibly allow 
the maximum voltage level to appear at 
the output, albeit very briefly, but still 
potentially damaging. 

The diodes D1 to D8 in various parts of 
the circuit are included to guard against 
the possibility of accidental connection 
of an external voltage to the output ter- 
minals of the power supply when it is 
switched off. For instance, this could 
quite easily occur when working with 
a circuit that has a built in battery 
back-up. 

Components R7 and C6 increase the 
reaction time of the circuit when 
changing output voltage levels while 
capacitors C7 and C8 eliminate the possi- 
bility of oscillation in the opamps. For 
stable operation of the circuit a minimum 
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Figure 2. The basic block diagram of the precision power supply. Opamp A1 provides the 
voltage regulation while A2 takes care of the current limiting. 
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Figure 4. The two sense inputs are used in the manner illustrated here to enable the circuit to 
compensate for voltage drops caused by the use of long cables. 


elektor december 1982 — 12-25 


4 


= 


© 


© 


1820n 
x 
= 
ef 
Vv 
M2 
100 nA! 
co ZS ci2 
47p 
esv PS 
f250k 


Tr2 


33V 
4a 


c 
a 


c10 fee 


=I Bae 


N 


precision power supply 


co 


B80C5000/3300 82178-3 


Oc 


as 


Figure 3. The circuit diagram of the precision power supply. Resistors R4/R5 correspond to R in figure 2, IC2 to A1, IC3 to A2 and R21 to Rg. 


Of the two transformers, Tr provides the supply for the reference current source while Tr2 supplies the power for the output stage. 


Precision power supply 
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Figure 5. The track pattern and component layout for the printed circuit board used for the precision power supply. 
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Parts list 


Resistors: 
R1,R3,R6,R8,R12,R13,R14 = 4k7 
R2=222 

R4,R16 = see text 
R5=10k 

R7,R10=1k 

RQ = 2k2 

R11= 470 2/1W 

R15= 15k 

R17=10 Q/1W 
R18,R19,R20 = 0,22 2/3 W 
R22 = 4k7/1W 

R23,R24 = 472 

R25 = 5k6 

R26 = 270 k 

P1 = 50 k potentiometer 

P2 = 1 k potentiometer 

P3 = 2k5 preset 

P4 = 250 k preset 


Capacitors: 

C1,C2 = 100 »/25 V 
C3 = 100 4/10 V 
C4 =100p 

C5 = 104/25 V 
C6=1n 
C7=100p 
C8=56p 

C9 =47 n/63 V 
C10 = 4700 u/63 V 
C11=820n 
C12=100n 


Semiconductors: 

B1 = bridge rectifier B40C 1000 
B2 = bridge rectifier BBOC5000/3300 
D1,D8 = 1N4001 

D2,..D5= 1N4148 

D6 = 3V3 400 mW zener 

D7 =LED red 

T1 = BC 559C 

T2=BD241 

T3,T4,T5 = 2N3055 

IC1 = 723 

1C2,1C3 = 741 


Miscellaneous: 

S1 = double pole mains switch 

M1,M2 = 100 nA meter 

Tr1 = 2 x 12 V/400 mA mains transformer 
Tr2 = 33 V/4 A mains transformer 

F=1A fuse 


output load resistance is necessary. This 
is taken care of by R22. 

It will be noted that there appear to be 
more output terminals than the usual 
power supply needs. The two extra out- 
puts, +Us and —Us, are in fact inputs. 
These so-called ‘sense’ inputs are used to 
allow for voltage drop compensation 
when working with long connecting 
cables between the power supply and its 
load. Figure 4 illustrates how the inputs 
are used. Two extra wires are connected 
as shown between the load and the 
sense inputs. The result of this is that 
the supply voltage level is now effectively 
measured at the load and not at the out- 
put terminals of the power supply. This 
enables the circuit to compensate for 
any voltage drop resulting from the 
resistance in the main supply cables. It 
should be noted that if the total resist- 
ance of the two main supply cables is 
1.Q, at the current level of 1A the 
voltage drop will be 1 V. In normal use, 
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Figure 7. The design of the front panel that is available from Elektor, It is manufactured from 
scratch resistant polycarbonate material and is self-adhesive. The illustration is at a reduced 
scale, the actual size is 11 cm by 30 cm. 
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Figure 6. The practical wiring diagram for the power supply. Obviously care must be taken with connections, especially with respect to the 


transformers and power transistors. Errors in this area will not become 


ible until the smoke clears! 


shorting links can be placed between 
+U and +Us, and —U and —Us. 


Construction 

The maximum output current of the 
circuits as shown here is. 3 A at 35 V but 
in principle different current ratings are 
possible. It must be remembered that 
any change in this direction must be 
accompanied by a change in the ratings 
of both C9 and C10. The limiting factor 
is the maximum collector/emitter volt- 
age capability of transistors T2...T5. 
This is 60 V for the 2N 3055. The other 
deciding factor will of course be the 
current rating of the transformer for the 
power output stage. The maximum out- 
put of the power supply is a factor 


wt of the current supplied by the trans- 
2 
former which explains why a 4 A trans- 


former is required to achieve an output 
of 3A. 

The three power trarisistors in parallel 
are used because each 2N 3055 cannot 
dissipate more than 50 W. The consider- 
ation is that when the output voltage is 
at 0 V the maximum dissipation required 
is the maximum level of the rectified 
voltage multiplied by the maximum 
current. For an output of 1A at 35 V 
only one 2N 3055 would be sufficient. 
One more power transistor can be added 
without any modification to the circuit 
providing that the correct value for the 
emitter resistor is calculated. A 2°C/W 
heatsink is needed for each power tran- 
sistor or a 1°C/W for each pair. Capacitor 
C12 is mounted directly onto the out- 
put terminals as shown in figure 6. 

Do not mount the resistors R4 and R16 
initially as their value will depend on 
the maximum output voltage and cur- 


rent. For this reason it will not be poss- 
ible to mount the printed circuit board 
into the case until test and calibration is 
completed. Set P1 to maximum, switch 
on and connect a multimeter to the out- 
put of the circuit. By trial and error 
find the actual.value of R4 which gives 
the maximum required output voltage. 
This can be done by connecting different 
resistors in parallel to R5. When the 
correct value has been found it can be 
soldered in place on the board. Repeat 
the exercise with P2 and R16 (in parallel 
with R15) until the maximum current 
level is found. 

The remaining calibration is that of the 
meters by adjustment of P3 and P4. It is 
possible to build the power supply using 
only one meter. In this case a 2 pole 2 
way switch connected to points x, y 
and z is required to switch between 
volts and amps. K 
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elektor december 1982 — 12-29 


the Elektor XL range 


an audio system that sounds good — and looks good! 


Over the years, Elektor has built up a 
reputation for producing reliable and 
well-designed circuits for home con- 
struction. In the audio field, we have 
produced preamps that vary from the 
cheap-and-n... not-too-bad to the top 
quality all-singing-all-dancing variety; 
power amps from the milliwatt range up 
to ‘quality-power’; noise reduction 
systems, indicators, distortion measuring 
gear, a stylus pressure gauge even. Now 
we've got some more in the pipe-line: 
the XL range. 

In this case, we feel that a general intro- 
duction is called for. What is the XL 
range? What is special about it? In a nut- 
shell, it comprises a series of very high 
performance audio components that can 
be built at sensible prices. The quality 
should come as a pleasant surprise, even 
to the serious audiophile, and the final 
appearance needn't be a disgrace to the 
living room. In other words, it is not 
intended to be competitive in the low- 
budget category; not it is expressly 
intended to be a competitor in the 
£1000+ range. High quality, plenty of 
features if you want them, reliability 
and a reasonable price: these were the 
main design goals. Our new front panels 
add the finishing touch. 


How it all started 


Way back in ‘78, one of our many hi-fi 
enthusiasts drafted an eight-page memo 
on what we ought to do in this field. 
It suffered the fate of most memos: 
interested study, brief discussion, filing 
cabinet . . . However, the idea kept on 
nagging in the back of our minds. And 
when an idea is irritating the grey 
matter in some two dozen fertile, tech- 
nically oriented brains, something must 
happen eventually. Then, early this 
year, your editor was wondering what 
large project would be worth tackling in 
the winter months, as a series of articles. 
From past experience, a truly consecu- 
tive series seemed unwise: no matter 
how carefully it is planned, the designers 
always get second thoughts halfway 
through — and want to redesign some 
forthcoming part. It then becomes a 
battle royal to keep the articles appear- 
ing at monthly intervals. (For those 
readers who have wondered why nearly 
all magazines tend to leave gaps in a 
series ‘for reasons of space’: now you 
know the true reason!) 

The two things came together. A series 
of articles describing a complete audio 
system! You can publish the various 
components in any order — and if you 
miss a month, nobody’s any the wiser. 
Now (second thoughts again!) we de- 
cided to play it straight: we'll tell you 
what we intend to publish, but we don’t 
make any promises as to when! You can 


take your pick from one of the stock 
phrases: in the near future, soon, over 
the next few months, starting now... 
Over the past six months, we’ve been 
having a lot of fun: no-wild-ideas-barred 
brainstorming! What features would you 
like? What features seem even vaguely 
feasible? To give you some idea of the 
things we've been thinking of, we can 
run through the various items in the 
system. No promises, mind! These are 
‘brainstorm’ ideas, and not all of them 
are economically and/or technically 
feasible. 


Power amplifier: Crescendo 


100 W? 250 W? Bandwidth from DC to 
passing-bat frequencies, or restricted to 
suit the human ear? Transistors, opamps 
or MOSFETs? End of discussion: the 
final circuit is described elsewhere in 
this issue. As specified in that article, 
it uses MOSFETs to deliver plenty of 
undistorted power — enough to coax 
pleasing sounds at a more than adequate 
level from even the most inefficient of 
8 Q speakers 

During our think-tank sessions, we 
dreamed up some features. DC protec- 
tion for the speakers seemed a ‘must’ 
— so we'll describe that next month 
(promise!). A power-up countdown 
with visual indication is fun, and avoids 
nasty thumps — so it is included. Then 
there’s a choice: where do you put the 
amplifiers? In the rack, on the floor, or 
in the speaker cabinets? The design 
caters for all options — but if you 
mount it in a rack, you need something 
to put on the front panel. The mains 
switch, of course; power output indi- 
cators, possibly? Hey .. . why not add 
a thermometer on the heatsinks! When 
the system is switched off, it will double 
as room temperature indicator. 


Preamp: Prelude 


What should a preamp do? It boosts the 
input signal, selects the one you want, 
provides tone, volume and balance con- 
trols, feeds signals to a tape deck and 
headphones, and may do a lot more 
things as well: noise reduction, remote 
control, level indication ... Wow! A de- 
sign that includes everything might be 
rather expensive, and one that does not 
include everything might disillusion 
some audiophile. So what do you do? 
Make it ‘modular’! That way, all the 
various bits and pieces can be added or 
omitted according to personal taste. The 
design that we’re finalising at present 
includes: 
® both dynamic and moving-coil pre- 
amps that can be tailored to suit 
virtually and high-quality cartridge 
®@ tone controls that include all mod 
cons 


@ for the true audiophile: tone control 
cancel option 

© separate headphone amplifier 

© input sensitiviry adjustment 

@ dual input channel switching: one 
for listening and the other for re- 
cording on tape 

@ remote control option, as outlined 
below 


Remote control: Baton 


Your editor would have liked a system 
that included motor-drive of the control 
potentiometers. No quality loss, and 
just think of the ‘effect’: hit a button 
on the remote control unit, and the 
corresponding knob on the panel starts 
to rotate! However, this would involve 
a difficult and expensive mechanical 
system, so we settled on an electronic 
(infra-red) version. For top-quality- 
philes: the unit can be omitted or, if it 
is included, cancelled. 


Loudspeakers: 


When did we last publish a loudspeaker 
design? Way back! Why haven't we 
published one since? Because loud- 
speaker design is a specialised art — it’s 
much easier to design a bad one than to 
create something really good! — and 
because manufacturers have a provided 
several good designs for the home con- 
structor. 

Even so, we felt that the XL range 
ought to include one or more designs 
for this all-important component. At 
present, we have several interesting and 
promising possibilities in the pipe-line. 
But we haven’t seen or heard any of 
them yet, so we are very reluctant to 
make any firm promises. Suffice it to 
say: if and when we publish a design, 
rest assured that it comes from a repu- 
table specialist in this field! 


FM tuner 

We haven't even thought of a ‘musical’ 
name yet! What we have in mind should 
be revolutionary; in fact, ‘in-house’ it 
has been dubbed the FM-2000. High 
performance, easy to operate, micro- 
processor-controlled .. . Wait and see! 


XL 


Why did we call this the Elektor XL 
range? What does XL mean? An honest 
answer: we don’t know, but it sounds 
nice! We picked those letters six months 
ago, because they have a nice high- 
quality ‘sound’, and we've been racking 
our brains ever since for a good expla- 
nation. ‘Excellent’? ‘Extra Luxury’? 
‘Exclusive’? Forget it! It’s simply a 
series of audio gear that we'll be 
describing from now until. . . then. 
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first module 
in the audio XL range 


erescendo 


Power MOSFETs are available 

as P-channel and N-channel types. 
This makes it possible to design a 
class B amplifier in which both 
types operate with ‘time sharing’ 
— to borrow a term from the 
computer field. Since there are 
limits to the power rating of such 
a MOSFET, we have used what 
could be described as double 

‘job sharing’ in this design: an 
output stage with two N-channel 
and two P-channel MOSFETs. 
The result is an output stage 
capable of great output power and 
exhibiting extremely low 
distortion, 


crescendo 


The principle 

If one takes a passport photograph 
and folds it downwards in the middle, 
over the nose and between the eyes, 
the two halves will certainly not be 
identical, The same applies to many 
amplifier designs. In our case, of course, 
we are less interested in the visual 
distortion than in the harmonic and 
non-harmonic distortion as a result of 
non-symmetrical amplifier design. These 
types of distortion can be avoided by 
proper, symmetrical design of the 
circuit. 

The reason is as follows: the distortion 
of even harmonics produced on each 
side of the symmetry line finally cancel 
each other out (as AC voltage into the 
load impedance). The result is less 
‘cosmetic circuitry’ in the form of 
feedback or other alternatives, in order 
to meet the high requirements for 
quality of the output signal, Since the 
medicine (feedback) is usually worse 
than the malady (lack of stability, 
dynamic distortion (TIM), it is a good 


idea to try to avoid the ailment and 
reduce the dose of medicine. 

Let us return to the analogy of the 
passport photograph. Looking at the 
block diagram of figure 1 or the circuit 
diagram of figure 2, if we draw an 
imaginary line along the middle we can 
see that each component has its coun- 
terpart. Components which are only 
present once are assigned to the com- 
mon input or output (including feed- 
back). There is one exception: we only 
need one trimmer potentiometer (P1) 
to set the quiescent current. 

The input circuitry in figure 1 begins 
with a highpass filter consisting of R1, 
C1 and C2. This filter is necessary for 
two reasons: firstly, to prevent very low 
frequencies from reaching the bass 
loadspeaker, and secondly to block 
any DC that may be present at the 
input. Any DC component would 
appear at the output and unbalance 
the quiescent current setting of the 
output stage. The lowpass filter con- 
sisting of R2 and C3 was designed to 
pass signals with frequencies of up to 
approximately 160 kHz, 

The double differential amplifier con- 
sisting of T1...T4 is represented 
with two operational amplifiers in 
figure 1, The output signals of the two 
differential amplifiers (voltage over R11 
and R13) result from the comparison 
between the input signals and the 
output signal attenuated by R4, R5 
and R6, In other words, the feedback 
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effect is contained in the voltages over 
R11 and R13. For AC voltages the 
amplification is 1+ (R5/R6)/R4 = 32. 
For DC voltages the amplification is 
1. This is catered for by C4 and C5. 
Without these two capacitors, the 
offset of the double differential ampli- 
fier would also be amplified by a factor 
of 32. 

This offset consists of the different 
base-emitter voltages at the given 
collector currents and of any difference 
that may be present between the voltage 
drops over R1+R2 and over R5/R6 
(resulting from the base currents of 
T1/T3 and T2/T4 that may not be 
equal). However, this last contribution 
to the offset voltage can be ignored if 
R1 and R2 in series are equal in value 
to R5 and R6 in parallel. This explains 
the apparently unnecessary parallel 
connection of 39K and 150 K instead 
of one 33 K resistor. Ideally, the current 
flowing from the base of T3/T4 will 
be as great as that flowing into the base 
of T1/T2, In this case the voltage drops 
are zero. Incidentally, this article also 
explains how the low output offset of 
+20 mV can be reduced even further. 
The current source ‘supply’ (T5, T6) 
turns the input stages into good differ- 
ential amplifiers and poor analogue 
adders: amplification and non-linearity 
(excluding the feedback effect) for 
common signals are low. The influence 
of slow and rapid variations in the 
operating voltages (100Hz hum plus 
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Figure 1. ‘A line along the centre’: the block diagram of the power amplifier shows the 


symmetrical arrangement. 


sinusoidal halfcycles at the’ signal 
frequency) on the desired signal is zero 
squared, One more comment on the 
differential amplifiers: R12 and R14 
ensure that the collector-emitter volt- 
ages of T1 and of T2 and those of T3 
and T4 are almost identical. In this 
way, thermal balance between the two 
differential amplifiers is achieved, re- 
sulting in a favourable effect on the 
offset. 

The differential amplifiers supply the 
drive voltages (via R11 and R13) for 
two current sources: the sources of the 
drive current for the output stage 
consisting of 111...1714. Each of 
these current sources consists of a 
cascade circuit of two transistors: T7 
and T8 at the top and T9 and T10 at 
the bottom. This apparently unnecess- 
ary duplication of components provides 
many advantages, Each cascade forms a 
‘super transistor’ with a current amplifi- 
cation factor of at least 400 and with 
a straight and almost flat Ic (UcCE) 
characteristic extending up to collector 
voltages of 250 V, and with an equally 
linear, frequency and voltage-indepen- 
dent collector-base capacitance of a few 
tenths of a picofarad, which can be 
made as small as the p.c.b. layout will 
permit. What we have is an ideal, text- 
book current source for frequencies 
from DC to 0.5... 1 MHz. How is this 
achieved? There are two contributing 
factors. the first is ‘job sharing’. This 
high current amplification is provided 
by T7 and TQ, operating at low level 
(a few volts), whilst T8 and T10 handle 
the high voltage and dissipation. The 
current amplification of T8 and T10 can 
be ignored, because the currents flowing 
in their emitters are almost 100% equal 
to those flowing in their collectors. The 
second factor is screening. Two parallel, 
metallic surfaces present a capacitance. 
Now what if this capacitance is un- 
desired? The simple solution is to take 
a third metal surface and place it 
between the other two. This third 
surface eliminates the original capaci- 
tance and creates two new, considerably 
lower and less harmful capacitances. In 
figure 2 the base of T7 and (T9) forms 
one electrode, the collector of T8 (T10) 


forms the other electrode and the base 
of T8 (T10) forms the intermediate 
electrode. 

Why is this screening so important? The 
‘eliminated’ collector-base capacitance 
in this amplifier is present anyway (a 
few picofarads) and it is non-linear. One 
can imagine it as a varicap diode with 
a capacitance which is greatly depen- 
dent on the inverse voltage. In many 
amplifier designs this non-linearity is 
cured by connecting a capacitance in 
parallel which is 50 to 100-times 
greater. This Miller capacitance, as it is 
known, also serves as a_ stabilizing 
capacitor. The solution is not optimum, 
however. It is better to avoid capaci- 
tance altogether, no matter how linear 
it may be! 

The collector-base capacitances of T8 
and 110, which are special video transis- 
tors, are very low. This capacitance 
(2x approximately 2 pF) is effectively 
between collector and ground and 
cannot cause any mischief, However, 
this cascade solution has its price: the 
dynamic range of the output stage is 
restricted as a result of the necessary 
DC voltage setting. But this does not 
present a problem because it is better 
for the top end of the dynamic range 
to be restricted by the cascade circuit 
than by the saturation phenomenon in 
the output stage ifself. This in turn has 
a favourable effect on recovery after an 
overload. 

The DC voltage setting of the cascades 
and of the differential amplifiers is 
performed by zener diodes D1 and D2, 
which are connected to the operating 
voltage via R17 and R18. The result 
of this ‘joint operation’ of the zener 
diodes with C8...C11, R19 and R20 
is that the DC setting of T1...T4 
does not change in the slightest (in the 
event of operating voltage variations). 
Let us now consider the output stage, 
It can handle a peak current of 14A 
and a dissipation of 320W at 50°C. 
Short-duration current limiting is per- 
formed by D3/D5 and D4/D6. In the 
event of long-term overcurrents, fuses 
F1 and F2 ensure the necessary shut- 
down, 

The output 


stage is adjusted to a 
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T1,T2,T6 = BC 546A 
T3,T4,T5 = BC 556A 
17 = BC 560C 


T8 = BF 470 

T9 = BC 550C 
T10 = BF 469 
711,712 = 2SK135 
713,714 = 2SJ50 
D5,D6 = 1N4148 


100 ma, 100 mA 
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200 mA 
70... 75V tah, 
v)> 
Figure 2. Circuit of the Crescendo power amplifier showing the test points. 
quiescent current of 2-times 100mA. with P1. No additional diodes and resistance of a MOSFET). 


This current is more than adequate to 
provide sufficient ‘overlap’ (simul- 
taneous conducting) of the two output- 
stage halves to keep any distortion 
(that might arise from insufficient or 
even no quiescent current) at a very low 
level. With drain currents upwards of 
about 100 mA, this current decreases as 
the temperature rises at a constant 
gate-source voltage. This negative tem- 
perature performance of the MOSFETs 
ensures that the output stage cannot 
overheat. With conventional NPN/PNP 
output stages, certain measures must 
be taken to prevent this hazardous 
situation. No such measures are re- 
quired with our design. It is merely 
necessary to set the quiescent current 


transistors are needed, 

The MOSFET output stage exhibits a 
considerably flatter output current/in- 
put voltage characteristic than that of 
a conventional output stage. This results 
in advantages and disadvantages. Let us 
first consider one significant disadvan- 
tage. The output stage is configured as a 
complementary source-follower, This 
means that maximum drive is deter- 
mined by the operating voltage less the 
drive voltage. Since the drive voltage for 
MOSFETs must be higher than normal 
with the same AC output voltage, the 
result is a reduced dynamic range at 
the given operating voltages (a further 
restriction is created by the voltage drop 
over the relatively high saturation 


Now let us look at the advantages, By 
its very nature, the flatter voltage-in/ 
current-out characteristic provides less 
opportunity for static and dynamic 
distortion, Furthermore, a particular 
quiescent current can be adjusted with 
P1. There is no jump from 0 to about 
1 A when the quiescent-current trimmer 
is rotated by 10°. The MOSFET output 
stage 1T11...714 can handle high 
frequencies as well as high output 
power, The relationship between out- 
put current (drain current) and input 
voltage (between gate and source), i.e. 
the slope, remains unaffected by the 
frequency right up into the megahertz 
region. However, this can also result 
in a tendency to oscillate. The risk of 
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SS 


Table 1. Technical data 


General: 


Output power 


Input sensitivity 
Input impedance 
Frequency range 
Attenuation factor 
Output offset voltage 
Extras 


e@ Fully symmetrical/complementary hi-fi MOSFET output stage 

© Good dynamic charcteristics because the internal ‘inertia’ of the 
input is utilized for full frequency compensation (designed for 
unconditional stability). 

@ 140 W into 8 2 when both channels are simultaneously driven at 
a distortion factor which does not exceed 0.01% (—80 dB) within 
the frequency range 20 Hz... 20 kHz. 

Total power output: 280 W. 

e@ 180 W into 4 2 when both channels are simultaneously driven 
at a distortion factor which does not exceed 0,01% (— 80 dB) 
within the frequency range 20 Hz... 20 kHz. 

Total power output: 360 W. 

@ 180 W max. per channel into 8 Q (fully driven) 

@ 250 W max. per channel into 4 & (fully driven) 

1 Vrms for 130 W into 8 

25k2 

4 Hz... 160 kHz + 0/— 3 dB (with a source impedance of 600 2). 

100 

Less than + 20 mV DC 

e@ DC output protective circuit, combined with activation delay 

@ Temperature sensor for heatsink 

e@ VU meters 


optional 


THATr2 = 
1LP71016 
(2x300 VA) 


optional 


—< 
Tr 25V~ 
6A 


C17 ... C20 = 4700 y ... 10.000 uF/80 ... 100 V 
B1, B2 = B80C10.000 
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Figure 3. This is the hefty power supply for the amplifier. 


oscillation is largely avoided by keeping 
the wiring as short as possible, de- 
coupling capacitors (C6, C7, C14 and 
C15), limiting resistors (R23... R26) 
and, with somewhat less influence, 
(R27... R30. 

The two capacitors Cy and Cp in the 
block diagram of figure 1 represent the 
input capacitances of the MOSFETs. 
Over the operating range of the ampli- 
fier, the voltage over Cy and Cp is 
independent of the frequency and 
relatively proportional to the output 
current. The frequency-dependence is 
based on the drive current delivered by 
the driver stages T7...710, which 
rises with the signal frequency and/or 
the output current. However, this drive 
current is none other than the charging/ 
discharging current of Cy and Cp. 

The result of having a current that rises 
with frequency is that the voltage over 
R15 (R16) also increases with fre- 
quency, The same applies to the voltage 
over R11 (R13). The advantage of this 
arrangement soon becomes clear, As in 
all amplifiers with feedback, the so- 
called open-loop gain (= gain without 
feedback) must drop with increasing fre- 
quency, as of a particular point. The 
drop must be such that the frequency 
rolloff at which the open-loop gain is 
one is not quite 12dB per octave, i.e. 
just before the point of causing a 180° 
phase shift. This is not an invention 
of Elektor, but was established by two 
gentlemen called Bode and Nyquist 
some time ago. 


This not-quite-12dB, not-quite-180° 
situation characterizes the stability 
minimum, If one wishes to remain 
in the safe region of 6dB per octave 
and 90° phase shift, in order to allow 
capacitive loads or capacitive contents 
of loads (crossover networks), the open- 
loop gain must roll off with 6 dB per 
octave from a ‘safe’ frequency onwards 
(which is now considerably higher). 
In all cases this must be up to the 
frequency at which the amplification 
has become one, but beyond that point 
if possible, The maximum open-loop 
phase shift in this case is 90 in the 
quiescent state; the system is uncon- 
ditionally stable. It is almost always 
necessary to create these conditions by 
affecting the open-loop gain, i.e. by 
providing compensation. In most cases 
this is accomplished by inserting a 
compensation capacitor. 

With our circuit, however, this is un- 
necessary. If the open-loop gain de- 
creases with 6dB per octave from a 
safe frequency onwards, there is a point 
in the amplifier at which the drive 
voltage or current increases with 6 dB 
per octave at a given drive level. We 
have already found this ‘point’: the 
drive current through Cj and Cp, or 
the drive voltage over R11 and R13 
which amounts to the same thing. To 
put jit another way: the frequency- 
dependent jnput characteristic of the 
MOSFET output stage T11...1714, 
which is present in any case, is used for 
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Parts list 


Resistors: 
R1= 27k 
R2= 3k9 
R3=102 
R4=1k 
R5= 150k 
R6 = 39k 

7.,.R10= 1502 
R11... R14= 6k8 
R15,R16 = 822 
R17,R18= 10k/1 W 
R19,R20 = 2k2 
R21,R22 = 5k6 
R23... R26= 2202 
R27... R30= 0,22 2/5W 
R31 = 1 2/1 W carbon film 
R32 = 10 2/1 Wcarbon film 
P1 = 250 Q preset 


Capacitors: 

C1,C2 = 820 n MPF* 

C3 = 220 p ker, 

C4,C5 = 220 h/10 V 

C6,C7 = 220 n MPF* 
c8...C11=100 4/10 V 
C12,C13 = 330 n MPF* 
C14,C15 = 100 4/100 V 

C16 = 22n MPF* 

*MPF = metallized plastic foil 


Semiconductors: 

D1,D2 = zener diode 3V9/0,4 W 5% 
D3,D4 = zener diode 12 V/0,4 W 5% 
D5,D6 = 1N4148 

T1,72,T6 = BC 546A 


T3... 75 = BC 556A 
T7 = BC 560C 

T8 = BF 470 

T9 = BC 550C 

T10 = BF 469 


T11,T12 = 2SK135 (Hitachi) 
713,714 = 2SJ50 (Hitachi) 


Miscellaneous: 

L1 = approx, 24H, 2x 10 turns 

Copper enamel (dia. 1mm) on R31 

F1,F2=3.5A fuses, slow-blow, with p.c.b. fuse 
holders 

Two heatsinks for T8 and T10 (e.g. SKO9/ 
37.5 mm; approx. 8.5 C/W) 

One heatsink for T11... 714 (e.g. SK53/ 
>150 mm, black anodised, not predrilled 
(see figure) 

Aluminium angle section 
40 mm x 40 mm, 180 mm long (see figure 
and figure ) 

Mounting and isolating hardware for 
T11... 714 (see figure ) 

Thermolube 

Power supply (without printed circuit board): 

B1,B2 = bridge rectifiers 100 V/25 A (see 
figure ) 

C17...C20=4700... 10000 
4/80... 100 V or 

C17,C19 = 10000 4/80... 100 V; 

C18,C20 can then be ignored. 

Preferably can electrolytics with screw 
terminals. 

F3,F4 = 2 or 2.5 A slow-blow fuses 

Tr1,Tr2 = mains transformers 2 x 25 V/ 

6 A (300 VA) or 2x 50 V/5A (500 V) 
toroidal 


R 32= 10 2/1 Wcarbon film 
P1 = 250 2 trimmer potentiometer 


Figure 4. Track pattern and component 
overlay for the power amplifier. The four 
MOSFETs are also situated on the p.c.b, This 
is not the simplest solution but certainly the 
most reliable one. 


purposes of frequency compensation, 
We can be greatful for the very high, 
overall collector impedance of the 
cascade T7...1710 which makes this 
possible. 

Why is this advantageous? The ‘inertia’ 
of Cy and Cp is present in any case, 
whether it is used for compensation or 
not. The alternative would be complete 
or additional compensation elsewhere in 
the amplifier. This would mean that a 
Miller capacitance would have to be 
added to the circuit of Figure 2. It 
would provide additional ‘inertia’ but 
would also give rise to TIM problems. 
Let us assume that such a capacitor 
were present between the base of 
T7 (TQ) and the collector of T8 (T10). 
The maximum available charging/ 
discharging current is approximately 
300 yA (collector current of T1 or T3). 
Clearly there will be an audible frequency 
at which a ‘clean’ sinewave at the input 
will result in an equally ‘clean’ triangular 
waveform at the output... Fortunately, 
that is not the case with our design. 
Those readers who are interested in the 
slew rate can rest assured that the ampli- 
fier does not easily become unstable, in 
other words it would take a great capaci- 
tive load at very high frequencies. With 
180 W/10 kHz into 4 2 the peak value 
of driver AC is 0.6 mA, although 14 mA 
are available. In principle the figure is 
even higher, but the driver stage then 
changes to class AB. At higher fre- 
quencies the AC increases proportionally 
and reaches a value of 14 mA at a par- 
ticular frequency. However, the input 
filter consisting of R2/C3 then becomes 
effective. 

Let us briefly consider some of the com- 
ponents which serve to stabilize the cir- 
cuit. Firstly, R32 and C16 which are 
rated so that R32 does not go up ina 
puff of smoke when the amplifier is 
tested at full output with 100 or 
200 kHz. Bacause of the high self-induct- 
ance, R32 must not be a wire-sound 
resistor. L1 and R31 in parallel partially 
or fully compensate for the phase shift 
caused by a capacitive load at the ampli- 
fier output. R31 serves for damping the 
resultant LC circuit so that square-wave 
reproduction is faithful in this case too. 


That completes the description of the 
output stage. The amplifier requires a 
power supply to power it from the 
mains. The power supply is shown in 
figure 3 and is rated for stereo operation. 
One transformer and one bridge rectifier 
are required for each operating voltage. 
Two channels are thus provided with a 
common positive and negative rail. 
However, there is no risk of crosstalk 
between the two channels, and certainly 
not via the power supply. As already 
mentioned, interference to the operating 
voltages does not impair operation of 
the amplifier. It is preferable to use 
toroidal transformers in the power 
supply. The constructor can choose 
between a medium-rating power supply 
(600 VA) and ahigh-rating power supply 
(2-times 500 VA). The choise depends 


on the amound budgeted and on 
whether the amplifier is going to be 
‘pushed’ into a load of 422. The DC 
smoothing also requires a little thought. 
The minimum is 4700 uF and the maxi- 
mum is 10000 uF per operating voltage 
and per channel. The maximum values 
for C17...C20 are not only governed 
by the cost, but are also a matter for 
technical consideration. The ‘bigger’ the 
Capacitors, the lower is the 100 Hz hum 
and the greater are the charging current 
peaks. 

The technical data in table 1 apply to 
the medium-rating power supply with 
minimum smoothing. 

When the amplifier is switched on, the 
output voltage will initially contain a 
DC component. This is because the 
feedback is not immediately effective. 
Also, electrolytic capacitors C8 and C9 
require a certain time before they are 
charged up to the zener voltage of D1 
(D2). 

There is one more situation in which the 
DC voltage can be present at the ampli- 
fier output: this is in the event of an 
overload on the output stage, if fuses 
F1 and F2 do not blow or do not blow 
simultaneously. This voltage and the 
‘starting voltage’ already mentioned can 
be hazardous to our expensive loud- 
speakers. For this reason it is a good 
idea to equip this amplifier with a DC 
protection and activation-delay circuit, 
which is also suitable for other ampli- 
fiers. For reasons of space, we will 
discuss such a circuit in the next issue 
of the magazine. 


Construction 

When wiring an amplifier to its power 
supply it is easy to make mistakes that 
can impair the audio performance. We 
therefore recommend that the following 
text and the corresponding illustrations 
be followed closely. 

One difficulty has already been removed: 
figure 4 shows a printed ciruit board 
layout. The cost of this p.c.b. is negli- 
gible compared to that of the power 
supply and the MOSFETs. For this 
reason we strongly recommend that 
only this p.c.b. be utilized. Even very 
slight interaction between the output 
and inputs of the cascades on the one 
hand and the ‘wiring’ of the MOSFETs 
of the p.c.b. on the other hand are 
critical. 

The method applied to position the 
MOSFETs directly on the p.c.b. is not 
the simplest way, but has proven to be 
the most reliable one, Although a few 
holes have to be drilled in a heatsink for 
the transistors, this is far preferable to 
positioning the MOSFETs on a heatsink 
away from the p.c.b.; the resultant 
wiring would very probably cause the 
output stage to oscillate. Our arrange- 
ment may be unusual, but it is much 
more reliable. Those familiar with 
Murphy's Law will know that ‘Amplifiers 
always oscillate, oscillators often fail to 
oscillate’. 
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Figure 5. A possible power supply arrangement. 


We shall tackle the mounting of com- 
ponents on the p.c.b. first. All com- 
ponents are inserted except for T11... 
T14 and R23...R26. R27...R30 
must have a little clearance from the 
p.c.b. when soldered in. This provides 
the resistors with some cooling. The 
enamel must be carefully removed 
from the ends of coil L1 so that a good 
electrical connection is made with R31 
when soldering. As soon as P1 has been 
inserted, it should be rotated fully anti- 
clockwise to avoid any problems later. 

If the amplifier is to be trimmed to 
minimum DC output offset (more about 
this later), it is better to use transistor 
sockets for T1...T4, and insert the 
transistors later. : 


The heatsinks for T8 and 110 (see 
figure 6b) are positioned vertically. 
The heatsink for T10 must not make 
contact with the lead of C7 which is 
very close to it. It is advisable to try 
this out visually before drilling a 
mounting hole for T10 in its heatsink. 

We must not forget the wire link (input 
ground). On the component side, the 
pins of T1....T7 and T9 should not be 
longer than 4 mm. We now turn to the 
positioning of T11...114,T23... R26 
and the heatsink. First the aluminium 
bracket is cut to the width of the p.c.b. 
and then the holes are drilled. This can 
be done in two ways. When the two 
mounting holes have been drilled, the 
aluminium bracket and the p.c.b. can be 


bolted together and the p.c.b. can be 
used as a drilling template. Otherwise 
the drilling diagram in figure 6c should 
be used. Some precision is required here; 
T11... 714 must be installed in a fully 
isolated fashion. A poor fit can cause 
short-circuits between the metal parts. 
Finally, the aluminium bracket is 
mounted on the p.c.b. together with the 
MOSFETs as shown in figure 6c. It is 
better to apply too much rather than 
too little thermolube to each side of the 
mica insulation. When the assembly is 
finished, use another ohmmeter to 
ensure that there is no contact between 
the TO-3 and the aluminium. 

Mechanical assembly is then followed 
by electrical installation of transistors 
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An overview showing the assembly consisting of the p.c.b., MOSFETs, bracket and heatsink and some practical details .. . 


i ood 


T11...1714. The gate and drain ter- 
minals are simply connected to the 
appropriate tracks on the soldering 
side. A solder lug is required for each 
source terminal. T11 and 112 are the 
furthest from the right-hand edge of the 
p.c.b. and T13 and 114 are the closest 
to it (as in figure 4). 

Resistors R23...R26 are drawn with 
dashed lines in the component overlay 
of figure 4. They are positioned as 
closely as possible to the gate terminals 
of the MOSFETs on the soldering side. 
There are no mounting holes. The leads 
of the resistors are cut as short as poss- 
ible (1.cm maximum), then bent and 
soldered to the copper surfaces, leaving 
a clearance between the resistors and 


the p.c.b. 

The p.c.b. with components fitted is 
now connected to the large heatsink 
(see figure 6b). The manner in which 
the two units are assembled largely 
depends on the housing. Since the heat 
dissipated by the MOSFETs is trans- 
ferred to the heatsink via the aluminium 
bracket, extremely good contact is 
required between the two. At least six 
nuts and bolts (M4 x 15, for example) 
and a generous amount of thermolube 
between the two metal surfaces will 
ensure good thermal contact. 

If a stereo amplifier is desired, the entire 
procedure must be repeated. 

The housing and power supply are the 
largest parts of a power amplifier. 


Figure 5 shows a suggestion for the 
complete stereo power amplifier. The 
additional circuitry mentioned is not 
yet included. However, the wiring will 
not be greatly changed by adding these 
extra circuits. 

The wiring is fairly critical. Performance 
of the amplifier can be greatly impaired 
by accidental metallic contact or induc- 
tive or capacitive pick-up. A likely 
source of interference is pick-up from 
the operating voltage leads at the input. 
If the amplifier is driven with a strong 
sinusoidal signal, the two supply currents 
look like half-wave rectification with 
many harmonics. The higher the har- 
monics, the greater the likelihood that 
they will be picked up at the input. 
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Accidental metallic contact is prevented 
by only having one ground point (at the 
electrolytic capacitors). The amplifier is 
provided with an input ground and an 
output ground which are interconnected 
internally via R3 and connected exter- 
nally to the main ground point. 

The rating of the power supply depends 
on various factors: the transformers 
chosen for Tr1 and Tr2, the smoothing 
capacitors, the required power output 
and, of course, the constructor’s budget. 
Some care should be taken in choosing 
the smoothing capacitors. It is better to 
use a 4700 uF can electrolytic with 
screw terminals than a 10000 uF elec- 
trolytic from the junk box. Moreover, 
an advantage of the can electrolytic is 
that none of the terminals is connected 
to the metal can. During construction, 
alignment and any measurement, care 
must be taken to ensure that the negative 
Operating voltage never makes contact 
with ground. Figure 5 shows a possible 
power supply arrangement using can 
electrolytics. Vehicle-type spade ter- 
minals can be utilized. The stranded 
wire must have the greatest possible 
crosssection. 


Activation 

The power supply should be tested 
before its load is connected. The wiring 
should be inspected first. An incorrectly 
wired electrolytic capacitor can actually 
explode! When the mains switch is 
turned on, the positive and negative 
Operating voltages should be 70... 
75 V. The electrolytics are then dis- 
charged again. But do not use a screw- 
driver; the best method is to employ a 
resistor of a few kilohms, or a relatively 
low-impendance voltmeter. In this case 
One can see the voltage gradually 
decaying. 

The entire amplifier can now be tested. 
If the stereo version has been built, the 
instructions in the following text must 
be followed twice. 

First, position all ground leads as shown 
in the figures and as described. The 
positive and negative leads from the 
power supply are then connected to the 
output stage. Use two 10%, %W 
resistors temporarily instead of fuses 
F1 and F2. Quiescent-current trimmer 
P1 is rotated fully anti-clockwise. The 
loudspeaker terminals remain discon- 
nected. Now switch on the power 
supply. Should there be a short-circuit 
somewhere in the output stage, the 
10 Q resistor will go up in smoke. In 
this case, switch off the amplifier, find 
the fault and correct it and insert two 
new resistors. 

When everything is in order, connect a 
multimeter over one of the resistors 
(3 V or 6 V DC range, see also figure 2, 
F1 and F2). The voltage over this resistor 
should be zero. Otherwise P1 is not at 
its extreme anti-clockwise setting. The 
voltage should rise as P1 is slowly 
rotated. At the setpoint voltage of 2 V, 
the current through this resitor is 
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200 mA, i.e. 100 mA per MOSFET. 
When this adjustment has been made, 
switch off the amplifier and insert the 
two fuses F1 and F2. Switch on again 
and measure the voltage between the 
amplifier output and ground. It should 
not exceed 20 mV (positive or negative). 
The amplifier is now ready for oper- 
ation. The test points marked in figure 2 
can now be checked. 

One final voltage at the amplifier output 
can be reduced further. This is done as 
follows: let us assume that the values 
for T5 and T6 are established. Two dif- 
ferent types can be utilized for T1 and 
T3. There is thus a choise of four 
possibilities for T1...T4. One of the 
possibilities results in the lowest DC 
output voltage. However, if the DC 
output voltage is only 20 mV, there is 
probably little point in trying to reduce 
it further, although we suspect that 
perfectionists may not agree with us. 
Something not mentioned up till now 
concerns the case for the power ampli- 
fier. The illustrations show a typical 
19 inch rack type case, which is ideal. 
Some of you may be tempted to use 
steel plates for the sides top and bottom 
as these are robust and will therefore 
protect your amplifier extremely well. 
Steel reacts with the field of the trans- 
formers to produce quite a loud hum, so 
we recommend the use of aluminium 
for these items. 

If the amplifier is for P.A. applications 
we strongly recommend using a larger 
case for extra cooling and the shielding 
(by means of a small aluminium plate) 
of the inputs from the power supply. 
One good way to help matters is to 
place the inputs as far away as possible 
from the power supply. i 
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MOSFETs as source-followers 

When MOSFETs are utilized in output 
stages, the P and N-layers and junctions 
are of less interest than the performance 
of a combination of resistors, capacitors 
and voltage or current sources. When 
considered as a whole, these provide 
an accurate equivalent circuit of the P 
and N-layers and junctions, 

Figure a shows the equivalent circuit 
of a MOSFET configured as a source- 
follower. Resistance fg represents the 


internal series resistance of the gate, 
which is externally ‘extended’ by 
resistors R23...R26 in figure 2. 


Capacitance C represents the input 
capacitance of the source-follower. 
The drive voltage u is applied over 
this capacitor; when multiplied by the 
slope S, it determines the AC output 
current through load Ri. In the fre- 
quency range of interest, S (frequently 
denoted Yfs) is independent of the 
frquency. If the source-follower is 
voltage driven, the formula of figure a 
applies. The gate current contribution i 
to the output current can be ignored, 
Figure b represents an equivalent circuit 
for figure a. In this case, however, the 
input impedance is demonstrated more 
clearly. The formula applies purely to 
current driving with a currenti. In 
contrast to the voltage drive assumed 
in figure a, resistance tg no longer has 
any influence. However, the maximum 
level to which the device can be driven 
is limited as a result of the voltage drop 
over rg and by the base resistor. 

The ideal current drive of figure b is 
not found in practice. For this reason, 
figurec shows an equivalent circuit 
which is more realistic. The joint, 
design-related effect of the two cascades 
T7...710 of figure 2 is contained in 
the current source ig and resistance R. 
R represents the joint collector resistance 
of T8 and 110. The formula exhibits 
a certain frequency-dependence which 
leads to the automatic, inherent fre- 
quency compensation for unconditional 
stability as mentioned in the text. The 
necessary rolloff of 6dB per octave is 
found in the relationship between the 
output voltage and the sum of the 
cascade input voltages. 

A given open-loop gain is associated 
with a particular cutoff frequency 
W3dp. The higher the one value, the 
lower is the other. The fact that the 
frequency compensation of the amplifier 
can take place entirely in the combi- 
nation of driver stage and output stage 
(i.e. no other capacitors are required, 
with all their disadvantages), results 
from the use of the cascade circuitry. 
The circuit provides a high resistance R 
and ensures that no series capacitance is 
connected between output and inputs. 
Incidentally, if true current drive were 
utilized as assumed in figure b, the total 
effect of the driver stage and output 
stage would be an integrating one. We 
would then have a cutoff frequency 
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of OHz. Of course, this would not be 
satisfactory. Suppression of distortion 
and interference, effective as a result 
of the feedback, must be frequency- 
independent over the largest possible 
frequency range. 

So far we have only dealt with one 
source-follower (fugures a...c). In 
reality, however, there are four such 
devices (T11... 714 in figure 2.) Hence 
the equivalent circuit of figured, At 
low drive, all four MOSFETs conduct; 
at high-level drive, either T11 and 712 
or T13 and T14 conduct. 

In figured the time constant 1/W3qB 
is established by the product of R and 
parallel connection (sum) of the four 
capacitors, It should be noted that if 
two MOSFETs turn off and the other 
two conduct, there are two small 
capacitances (ie. the ‘conducting’ 
capacitances for which S + 0) and 
two large capacitances pertaining to 
the MOSFETs which are turned off. 
Capacitance Cy is not exactly equal 
to Cp. This means that the output 
stage is not fully symmetrical. However, 
there is no point in inserting the differ- 
ential capacitance somewhere between 
the gate and the source, particularly 
since resistance rg cannot be removed 
from the MOSFET chip. Capacitances 
Cyn and Cp exhibit a strange response. 
At low values of gate-source voltage 
Ugs, Cn and Cp greatly depend on this 
voltage. If their response curves were 
drawn as a function of Ugs, the result 
would be a deep notch in the flat line: 
this notch would be in the region of 
UGs = 0, whilst the characteristic would 
be almost flat at high positive and 
negative values of UGs. The depth of 
the notch can also be assigned a value. 
For Cy it is approximately 270 pF and 
for cp approximately 160 pF ‘in depth’. 
As a result of the quiescent current 
setting, these two characteristics shift 
in such a way that the notch becomes 
more of a ‘ditch’ which is almost 
horizontal at the bottom. This means 
that as of a particular drive level, the 
driver stage must not only supply or 
draw the ‘normal’ current i = C x dU/dt 
but also the current Ux dC/dt. This 
performance can be observed using an 
oscilloscope connected over R15 or R16 
(the oscilloscope chassis must be 
floating), with a high drive level and by 
adjusting the quiescent-current trimmer 
P1. The practical, negative results for 
linearity at high-level drive and high 
signal frequencies can be _ ignored. 
However, we should point out that the 
problem can be solved by using three 
MOSFETs for each half of the output 
stage. The changes in Ugg (i.e. the six 
AC voltages u over C in figure a) are 
then only effective at the bottom of 
the wide ‘ditch’. K 
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Speak up, you're through! 

This short article is aimed at those 
readers who have found a use for 
the home telephone published in 
the September issue of Elektor. 
Some readers have expressed a 
desire to improve the volume level 
of the speaker in the handset. 
There is one, very quick and easy 
answer to this problem. This 
simply consists of replacing R6 on 
the printed circuit board of each 
extension with a wire link. This 
will serve to increase the output 
level but, in this case, simple is 
not quite the best! Unfortunately, 
the quality of the speech signal 
can suffer badly. Our good friends 
at British Telecom are able to use 
line amplifiers to retain speech 
quality (we have this on good 
authority!). This answer is not 
available to us unfortunately, 
since the cost for the complete 
system would probably treble. 

We do have an answer though! 
The modification we have arrived 
at entails the addition of a single 
transistor amplifier stage ( a sort 
of mini line amplifier). One of 
these is needed in each extension. 
The circuit is very small, physi- 
cally, it can be assembled on a 
piece of Vero board measuring 
only 2x 2cm. 

Figure 1b illustrates how the mini 
line amp can be fitted into the 
handset of the extension. Obvi- 
ously the tag numbering system 


used (see figure 1a) may differ 
depending on the type of tele- 
phone in use. If your system is 
already operating, you will 
already be aware of the wiring 
connections referred to, However, 
if in doubt, the easiest method of 
checking is to undo the handset 
microphone and speaker covers 
and make a note of the colour 
coding used. This can then be 
tracked back down into the main 
body. Figure 1a may be of some 
assistance here. 
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In order to prevent the possibility 
of feedback the connections to 
the speaker should be exchanged 
(reversed phase) as shown in 
figure 1b, The power supply for 
the mini line amp is derived from 
the microphone line as a dc voltage 
exists at this point when the hand- 
set is lifted. The emitter of T7 is 
connected to the negative line 
while resistor R2 is connected to 
the positive. Care must be taken 
to ensure that connections here 
are correct. 

Readers have advised us of prob- 
lems encountered with the use of 
old surplus type telephones. Basi- 
cally the pulses generated by the 
dialling mechanism (in certain 
cases) are incorrect and the exten- 
sion dialled fails to respond (no 
ring out). In the normal course of 
events, when the hand-set is lifted 
and the dial is turned the speech 
line is shorted to earth by means 
of an internal switch within the 
dialling mechanism, so in effect 
you cannot hear what is going on. 
By disconnecting the appropriate 
wire from the mechanism (modern 
telephones it is blue) should solve 
the problem. You will then hear 
through the speaker the dialling 
pulses and eventually the exten- 
sion dialled ringing. 


we 
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Soft switching 


improvement to the High Com 


based on information from the Telefunken Television and Radio 


Company, Audio Development 


In case the title of this article could be misinterpreted, the purpose of 
this circuit is not to replace the noisy toggle switches that are typically 


used in home-made equipment. 


This modification provides soft switching 
by changing the response time of the 
HighCom circuit to increase the decay 
time, thus eliminating interference. With 
this modification the HighCom circuit 
becomes even better than it was and 
Telefunken will be offering the im- 
proved version as an integral part of the 
circuitry in future. The HighCom circuit 
was further refined in the Telefunken 


development laboratory. The result is an 
improvement in the form of the auxili- 
ary circuit in figure 1. The track pattern 
and component layout are shown in 
figure 2, but we shall discuss this later. 
These are the improvements: 
1. The distortion factor at frequencies 
of about 20Hz is reduced by two 
thirds. The compander distortion thus 
becomes noticeably less than band dis- 
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Figure 1. The additional soft switching circuit eliminates interference caused by drop-outs. 
Additionally, the distortion factor for low-frequency signals and the response time at high 
frequencies are improved by a slight modification to the HighCom module. 


2 


Figure 2. Track pattern and component over- 
lay for the additional board. It is placed on 
the HighCom IC in the module in piggy-back 
fashion. When choosing components, please 
observe the specified tolerances. T2 and T3 
should have the same specifications if 
possible. 


Parts list 


Resistors: 
R19=1k 2% 

R21 = 220k 

R22 = 220k 2% 
R23,R24 = 68k 2% 


Capacitors: 
C24 =470n 5% 
C25 = 220 n 5% 


Semiconductors: 


T1 = BC557 
72,13 = BC 557B 


tortion in the audible range. To quote 
actual figures: the distortion content of 
the first harmonic of a sinusoidal 20 Hz 
signal is reduced by about 6% and that 
of the second harmonic by 3.5%. The 
total distortion factor with the new 
version is only 3.31%, compared to 
10.38% with the old version. The im- 
provement was achieved by increasing 
the decay time which is effective during 
the holding time. 
2. Interference caused by very short 
pulses, such as electrostatic discharges 
when playing records, is now eliminated 
by modifying the response time of the 
circuit. The network for this function 
now contains two time constants in- 
stead of one. This greatly improves the 
compander’s capability and has been 
demonstrated by the better response 
time on a sinusoidal 10 kHz burst. 
3. Short drop-outs result in undesirable, 
audible fluctuations in level. The 
HighCom circuit sometimes responded 
to these drop-outs with uncontrolled 
regulating effects. For example, the 
loudspeakers sometimes exhibited inde- 
pendent audio levels. On the other 
hand, the type of noise effects in signal 
pauses that are familiar with other noise 
suppression systems could not be heard. 
Telefunken achieves this performance 
by controlling the decay with a long 
time constant during the holding time, 
followed by a short time constant. How- 
ever, this automatic changeover between 
the two time constants was so abrupt 
that it sometimes resulted in the effects 
mentioned. Our soft switching circuit 
eliminates these problems, even with 
critical signals. There is no doubt that 
this is a considerable improvement to 
the HighCom circuit. 
The circuit in figure 1 can be con- 
structed on a small vero board or a 
printed circuit board can be made as 
shown in figure 2. Terminals 1, 4, 5, 6 
and 23 correspond to the pins of the 
HighCom IC, U401. Solder pins should 
be inserted at those points.. The High- 
Com module is modified as follows: 
R6 and C21 are discarded. The value 
of C7 is changed to 47 n/5% (if this has 
not already been done). If the module 
already contains capacitor C7 with this 
value, the 470n and 1k connected in 
series between pin1 and pin6 on the 
copper track side should be removed. 
Wire links of about 2cm in length are 
now carefully soldered to pins 1, 4, 5,6 
and 23 of the IC. The additional board 
is then placed on the IC in the HighCom 
module and the wire links are connected 
to the solder pins on the printed circuit 
board. 
This completes the modification to the 
HighCom module and the module can 
be replaced on the printed circuit board. 
The result is probably one of the best 
noise suppression system available. 
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A theory which has been with us for 
some time and which is rapidly gaining 
credence relates to the quantity of 
negative ions in the air. A high concen- 
tration of such ions is both physically 
and mentally healthy. One element of 
scientific thought actually states that 
the quantity of negative ions contained 
in the air around areas such as St. Moritz 
is high, which is one reason for the 
invigorating effect these resorts have on 
tourists. There certainly seems some 
truth in these suggestions as negative 
ion generators are gaining in popularity. 
Even institutions traditionally known 
for their ultra-conservative attitude 
towards new ideas are now using them. 

We published a circuit for a domestic 
ioniser a couple of years ago operated 
by the mains supply and the idea came 
to adapt this circuit for use in the car. 

The circuit design for a suitable power 
supply is shown in figure 1. It could 
be loosely termed as a dic, to a.c. 
converter. The 555 timer (IC1) produces 


in- © @ 


fresh air on wheels 


The circuit is one way of increasing the concentration of negative ions 


in the surrounding air, resulting in improved mental concentration, and 
reaction speed making roads just that little bit safer. At the very least 


it will refresh the environment. 


a square-wave signal with a frequency 
around 85 to 100Hz. The values of 
R1 and the combination of P1 and R2 
have been chosen so that the square- 
wave produced is symmetrical. This is 
then fed to transistors T1, T2 and 
transformer TR1. The result is an a.c. 
voltage across the two secondary wind- 
ings of the transformer of approxi- 
mately 400 V (square wave). 

Figure 2 shows the circuit diagram of 
the ioniser which consists of a 27 stage 
voltage multiplier, in order to step 
up the voltage from 400 V to around 


7.5kV. The output is then connected 
to a sewing needle or something 
similar. 


As most readers already know the 
electric field strength around a charged 
body is greatest where the curvature is 
also greatest, hence a sharp point. An 
intense field is therefore present at the 
tip of the needle with electrons being 
‘sprayed’ onto the air molecules nega- 
tively charging them. Each batch of 
negative ions is repelled by the negative 
charge of the needle point allowing new 
air molecules to be processed. The 
result is a constant flow of ions away 
from the needle which feels very much 
like a light draught. This in itself will 
have a refreshing effect upon the driver 
and passengers without giving consider- 
ation to the metabolic benefits of an 
increased concentration of negative 
fons. 


Keep in mind that apart from generating 
negative ions the needle will also pro- 


duce ozone (O3). This can on the one 
hand have certain advantages as it 
oxidises organic gasses, Carbon monox- 
ide for instance, can be reconstituted 
into carbon dioxide which is far less 
harmful. However, ozone if breathed in 
large quantities can cause irritation of 
the respiratory system, because of its 
corrosive and therefore poisonous 
nature. We therefore do not recommend 
using the ioniser near to asthma suf- 
ferers and please remember that for 
normal use the ventilation system of the 
car should be reasonably effective. 
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Construction 


The printed circuit board for the power 
supply is shown in figure 3. There is 
nothing critical in the assembly and the 
only calibration needed is to set P1 to 
its mid position. No provision was made 
for mounting the transformer onto the 
board as the size and type will depend 
on what is easily available. 

Although it is possible by changing C1 
for a 330 n capacitor to get a 50 Hz a.c. 
output, we do not advise it. Basically 
the peak voltage level produced by the 
circuit using the specified transformer 
will be far in excess of 240 V, so that 
‘plowing up’ your razor becomes a 
distinct possibility. The transistors will 
need small heat sinks, The transformer 
should have a 220 V primary and two 
6 V_ secondary windings. Its normal 
function is reversed in this case. 

The printed circuit board and com- 
ponent layout for the ioniser are given 
in figure 4. Great care is needed to 
mount the components. Make sure all 
soldered joints are smooth and neat as 
any protruding wires or spikes of solder 
could result in unwanted discharges. 
This is especially important towards 
the ‘high-voltage’ end. 

Resistors R1 to R10 limit the current 
flow in the event of the needle being 
touched. Lowering the value of these 
or omitting them is unadvisable as it 
could result in a fatal shock. 

Any sharp needle will do as long as its 
connection to the printed circuit board 
is short and rigid. Obviously the needle 
should point outwards and to prevent 
accidents a short piece of 30 mm plas- 
tic pipe should be mounted coaxially 
with it. After some use the point will 
become dirty and possibly eroded, so 
making the needle removable for 
cleaning is also a good idea. 

Safety first is a good motto to follow 
when mounting the circuit in the car. 
Use an insulated box to contain the 
electronics and position the unit within 
the car so that it is not a hazard to 
unsuspecting passengers. 


Parts list for the power supply 


Resistors: 

R1=1k 

R2=47k 

R3,R4 = 470 2/4W 
P1= 47k preset 


Capacitors: 
C1=150n 
C2=10n 
C3,C4 = 560 p 


Semiconductors: 

71,72 = BD 139 

D1,D2 = 1N4004 

D3,D4 = 27 V/400 mW zener 
1C1 = 555 


Miscellaneous: 

Tr1 = 2x 6 V/0.8 A transformer 
2 heat sinks for the BD 139 

S1 = on/off switch 


in-car ioniser 
1 si 12V..14V 
F o~—_) 
a x (ev) (ev) 
* a TH 
1N4004 

Bx c (220) 

= 400V 


71,72 = BD 139 


1N4004 


77100 
82162 1 


Figure 1, With this circuit the ioniser can be used in the car. With a 12 V d.c. input approxi- 
mately 400 V a.c. is produced. 


2 


75mA c2 


A C26 R2 


SS ; “e 
fl 


C1...C27= 33 n... 47 n/630 V (27 x) 
D1...027 = 1N4007 (1000 V diode) (27 x) 


R10 


we 


ca. 7, 5kV (approx.) 


9823 
82162 2 


Figure 2. The circuit diagram of the ioniser, consisting of 27 diodes and 27 capacitors. The unit 
is a voltage multiplier delivering 7.5 kV to the probe or needle. 


Ss 


Figure 3. The printed circuit board of the power supply. There is nothing critical in its 
construction. The transformer uses the 220 V winding as the secondary. 
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board. All the soldered joints and connec’ 


Semiconductors 
D1.. 


rs: 
R10 = 3M3 
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floppy-disk interface for the Junior 


G. de Cuyper 


Hardware of the DOS Junior 


In order to upgrade the Junior Computer 
to a DOS computer, certain hardware 
modifications are necessary. To allay 
any fears, let us point out that no tracks 
need be cut nor need any mechanical 
changes be made. All that is required is 
to solder an IC onto another one in 
piggyback fashion on the interface p.c.b. 
of the Junior Computer. In order to 
connect an EPSON dot matrix printer, 
an interface is required for the BUSY 
line. Since this interface only consists of 
three resistors, one transistor and one 
diode, it can easily be mounted in 
self-supporting fashion next to the 
V24/RS-232 connector. 


floppy- disk 
interface 
for the Junior 


... and other 6502 computers, Part II 


the Junior collects its stars and stripes 


The second and last of these two articles describes the modifications 
that must be made to the hardware of the Junior Computer, to be 
able to run Ohio Scientific software on the Junior or any other 6502 
computer. A new EPROM is required, to load software from the 
diskette during initialization (reset) of the computer. Documentation 
is available showing the source listing for the monitor program in the 


EPROM. 


Let us take another look in the circuit 
diagram of the Junior interface p.c.b. 
(figure 1). NOR gate N33 is replaced by 
a NAND gate. Line 8KO or EX is 
now no longer active in address range 
$0000... 1F FF. The new address range 
with the NAND gate is E000... FFFF. 
This addressing affects the memory 
chips of the Junior Computer as follows: 
— 48 K bytes of dynamic RAM 
are located in adress range 
$0000...BFFF. The advantage of 
dynamic RAM is that it is cheap and 
has a low current consumption. Three 
dynamic RAM cards (see Elektor, April 
1982) are sufficient to provide the 48 K 
byte address range for the RAM. 
— The address decoder on the standard 
Junior Computer p.c.b. (1C6) decodes 
address range $E000...FFFF. The 
memory chips on the standard Junior 
Computer p.c.b. are therefore assigned 


the following addresses: 
EPROM IC2, type 2708: 
$FCOO...FFFF 
PIA, RAM, TIMER, type 6532: 
$FAOO ... FBFF (documentation) 
RAM IC4 and IC5 type 2114: 
$E000 ... E3FF 
The memory chips on the Junior inter- 
face p.c.b. have the following addresses: 
VIA 1C1, type 6522: 
$F800 ... FO9FF (documentation) 
RAM IC2 and IC3, type 2114: 


$E400...E7FF 
EPROM IC4 and IC5, type 2716: 
$E800...F7FF 


The second hardware modification con- 
cerns the interface for the BUSY line of 
the EPSON printer. Figure 2 shows how 
this interface is connected to the Junior. 
Relay Re1 is discharded. LED D4 be- 
comes the BUSY indicator in this ar- 
rangement and operates in parallel with 
the BUSY lamp on the EPSON. 

The drawings of figures 3 and 4 clarify 
the hardware modifications. After im- 
plementation of these modifications it 
is only necessary to plug the type 2708 
(ESS 515) EPROM into the socket on 
the standard Junior Computer p.c.b. 
The two EPROMs IC4 and IC5 on the 
Junior interface p.c.b. (PM and TM) are 
no longer required, because the input/ 
output programs for printer control are 
located in the 2708 EPROM. The ad- 
dress space assigned to IC4 and ICS is 
now free for user programs. One more 
item that must not be forgotten is to fit 
a wire link between soldering points ‘R’ 
and ‘S’ on the Junior interface p.c.b. 
(WITH). 

The Junior Computer has now been up- 
graded to a DOS computer. Plug at least 
two or three dynamic RAM cards into 
the bus card of the Junior Computer. 
The lines for address decoding on the 
RAM cards should be wired as follows: 
RAM card 1: U—O 


I 


RAM card 2: 


RAM card 3: 


x<C<x<C<x< 
| 
PORNOATARWN= 


Y-B 

At this stage, do not yet plug the floppy 
disk interface into the bus card of the 
Junior. Power-up the computer as usual 
and press the <RST> key on the hex 
keyboard. The display on the Junior 
should now light up. The command 
keys <AD>, <DA>, <+> and <GO> 
have the same significance as previously. 
Only the <PC> key has a new function. 
Once the disk operating system has been 
loaded into the computer, the DOS 
command interpreter can be called with 
the <PC> key. But we shall examine 
this in more detail later. 

Table 1 shows the memory map of the 
DOS Junior Computer. This memory 
map also applies to all other 6502 com- 


floppy-disk interface for the Junior 


elektor december 1982 — 12-49 


By 


: 


> 
4 


WANAVA 
A 


WA 
7 


mvA 


removed 


Figure 1. A part of the circuit diagram of the Junior Computer interface card. Gates N33 and N34 are replaced by a 74LS10 NAND gate. This 
results in anew memory area for the memories on the standard Junior Computer and on the interface card, 


puters that are connected to the floppy 
disk interface. Adresses $CO00 ... FBFF 
can vary from one computer to another. 
The only important detail is that the 
computer must be able to address at 
least 32 K bytes of contiguous RAM in 
the lower address range. If, on a compu- 
ter other than the Junior, the address 
range FCOO ... FFFF should already be 
assigned, the bootstrap software should 
be relocated to another memory area. 
This should be relatively simple using 
the documentation. 


Software of the DOS Junior 


The software of the DOS Junior Com- 
puter is oriented on the latest standards 
in computer design. This means that the 
computer is provided with a minimum 
of ROM intelligence and as much RAM 
as possible. The advantages of this com- 
puter system become clear: 

Since the system software, whether 
BASIC, FORTH, Assembler or a word 
processor, has to be loaded rapidly from 
the diskette into the computer, not 
much space is wasted for the ROM ad- 
dress range. The ROM contains only suf- 
ficient intelligence to allow the compu- 
ter to operate the hex display and key- 
board and transmit/receive to and from 
the Elekterminal. Another function of 
the ROM intelligence of the Junior is to 
load track 0 from the diskette into the 
Junior Computer. 

Thus BASIC, Assembler etc. are no 
longer stored in the ROM but are loaded 
from the diskette into the computer. 
This is referred to as ‘portable software’. 
The decisive advantage of portable soft- 
ware is that it can be easily modified. 
Previously, when software errors were 
detected or when the system was to be 
updated, it was necessary to plug a new 


BOOTSTRAP RES, IRQ, NMI 2708 


6532: RAM, TIMER, PIA 


6522: VIA 


IC5 Interface Board (2716) 


1C4 Interface Board (2716) 
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Memory Mapped VOU ! 


not used 
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\\ 
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System Software 3 3279 


max. 48k Byte Dynamic RAM 
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Table 1. The new memory map for the DOS 
Junior Computer. On account of these 
extensions the workspace is reduced by 4 K 
bytes with the OS-65D V3.3. The transient 
processor overwrites address range 

$ 2200... 22FF of the DOS software. 


set of EPROMs into the computer; now 
with portable software we only need to 
mount a new diskette on the drive. It is 
therefore easy to eliminate software 
errors and the system can be upgraded 
in keeping with the latest state of the 
art without difficulty. We make full use 
of these advantages with the DOS Junior 
Computer. 

Let us examine Table1 once again. 
Page 0 and the system stack are located 
in address range $0000...01FF. Ad- 
dress space $0200... 22FF is intended 
for the ‘transient processor’. What is a 
transient processor? This is the soft- 
ware that makes the computer system 
operable. If, for example, you are 
working in BASIC, the transient proces- 
sor is the BASIC interpreter. If you are 
working in machine language, then 
Assembler or Ohio Scientific’s Extended 
Monitor is the transient processor. 

The system software for controlling the 
floppy disk drive and the printer, as well 
as a memory-mapped video display unit 
takes up about 4 K bytes of RAM. With 
OS-65D V3.1 the DOS software occupies 
memory area $2300...3278. The 
work space or memory area in which 
the programmer’s own program is stored 
begins at address $327E ...When you 
type a BASIC program into the compu- 
ter it is stored from address $327E ... 
onwards. The data are written into the 
floppy disk drive from this address 
onwards. Data which are read from the 
diskette into the computer are also stored 
from this address onwards. With 
OS-65D V3.3 the work space begins at 
address $3A7E. The first five bytes of 
the work space are known as the header. 
These five bytes contain the following 
information: 

1) Start address on the file (2 bytes) 

2) End address on the file (2 bytes) 
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Figure 2. This is how the interface is connected to PB6 for the EPSON printer. If PBG is a 
logic 1, the send output (RS-232 connector pin 3) of the computer is inhibited. If no printer is 
connected, resistor R11 ensures that the send output is enabled. 
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Figure 3. This hardware modification provides the Junior Computer with a new memory 
arrangement. The drawing shows the ‘piggy-back’ installation of the ICs. 


3) Length of the file in pages (1 byte; 
1 page = 256 bytes) 
Next to the work space is the 4 K byte 
page $DXXX. The memory-mapped 
video display unit of Ohio Scientific is 
located in this address range. A video 
unit of this type differs from the Elek- 
terminal in that the computer can trans- 
port data to the monitor screen directly 
via the data bus. The data interchange 
between the screen and the computer is 
much more rapid with the memory- 
mapped video display unit (VDU) than 
with a_ video interface using the 
V24/RS-232 interface. 
2 K bytes of static RAM are located in 
address range $E000...E7FF. This 
RAM was previously located in the 
range $0000...07FF. In future we 
shall use this RAM area for the object 
code that is generated by the Assembler. 
You can now assemble a source file with 
the Assembler, print a listing if desired 
and instruct the computer to execute 
directly the machine code generated by 
the Assembler. Please consult Ohio 
Scientific’s Assembler Manual for fur- 
ther details. 
Adress range $E800...FFFF to 1C4 
and IC5 on the interface card of the 
Junior and to the two interface chips 
6522/6532 and the 2708 bootstrap 
EPROM. The two EPROMs IC4 and 
IC5 on the interface card of the Junior 
are now freely accessible to the pro- 
grammer. Personal software or programs 
which one does not wish to load from 
the floppy disk into the computer can 
be loaded into the two EPROMs (2716) 
for long term applications. 


The bootstrap EPROM (ESS515) 


The bootstrap EPROM is addressed in 
the range $FCOO...FFFF. It contains 
only 1 K byte of software. The software 
in the bootstrap EPROM can be subdivi- 
ded into eight groups: 
1) Hex display monitor. This program is 
very similar to the original monitor 
of the Junior. The commands <AD>, 
<DA>, <GO>, <+> have kept their 
significance. Only the <PC> key has a 
different function. The DOS command 
interpreter can be called directly from the 
hex keyboard with the <PC> key. The 
main purpose of the hex display moni- 
tor is to be able to modify the software 
on the Ohio Scientific diskettes. This 
allows Ohio software to be converted 
to Junior software. 
Important start addresses can be called 
with the hex display monitor and star- 
ted with the <GO> key. 
— RESBAS * $FF17 
— RESDOS * $FF34 
— VONE * $FFE2 
— VTHREE * $FFE8 
2) Loading the BASIC interpreter from 
the diskette. You can load BASIC 
from the diskette into the Junior Com- 
puter with the command <AD> FF17 
<GO> (RUBOUT). To distinguish 
between command keys on the hex key- 
board and Elekterminal keys, we shall 
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Figure 4, The EPSON interface is placed on the interface card of the Junior Computer as shown 


here. 


write the command keys of the hex key- 
board between <> symbols and com- 
mand keys on the Elekterminal between 
() brackets in future. 
Once BASIC is loaded and the computer 
has responded on the terminal the tran- 
sient processor is ready for program 
interrupts. During output, you can 
interrupt a BASIC program with the 
(BREAK) key on the terminal. If the 
(BREAK) key was pressed during a 
LIST command, the BASIC interpreter 
prints ‘Break’. If you have started a 
BASIC program with the RUN com- 
mand and wish to stop output of the 
program, simply press the (BREAK) 
key. The BASIC interpreter responds 
with ‘BREAK IN LINE X’. All program 
variables and pointers are then saved in 
the stack. You can restart the program 
after the interrupt with the CONT state- 
ment. The indirect jump vector for the 
(BREAK) key is automatically set by 
the computer via address $FF17 when 
the BASIC program is started. The 
break vector is stored in address $F A7C 
and $FA7D. 
3) Loading of DOS software from the 
diskette. In future you can load 
ELEKTOR’s own software into your 
Junior Computer with the command 
<AD> FF34 <GO> (RUBOUT). The 
address DOS is intended for future ex- 
pansions and ‘non-Ohio-software’. 
4) Adapting an OS-65D V3.1 
diskette. 
An OS-65D V3.1 Ohio Scientific dis- 
kette can be adapted to your Junior 
Computer with the command <AD> 
FFE2 <GO> (RUBOUT). When the 
_ monitor is started at the address 
VONE * $FFE2 the following occurs: 
— The computer positions the read/ 
write head of the drive on track D. 


Ohio 


— The computer reads the data on 
track O and stores these data at 

address $2200... in the memory. 

— The computer positions the read/ 
write head of the drive on track 1. 

— The computer reads the data on 
track 1 and stores these data at 

address $2A00...in the memory. The 

entire disk operating system is now 

loaded in the computer and can be mo- 

dified by the programmer with the hex 

keyboard. 

— Once track 0 and track 1 have been 
loaded into the computer a jump 

is made to the hex display monitor 
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and the computer responds with 
*Track 0&1* on the printer. 
5) Adapting an OS-65D V3.3 Ohio 

tutorial disk 5. 

An OS-65D V3.3 Ohio Scientific tutorial 
disk 5 can be adapted to your Junior 
Computer with the command <AD> 
FFE8 <GO> (RUBOUT). For track 1 
and track 1 the same applies as under 4). 
However, once track 0 and track 1 have 
been loaded into the computer the fol- 
lowing occurs: 
— The computer moves the read/write 
head of the drive to track 6. The data 
on track 6, sector 2 are read into the 
memory from address $3200...on- 
wards. Sector 2 is one page long. 
— The data on track 6, sector 3 are 
read into the memory from address 
$0000 . . . onwards. Sector 3 is one page 
long. 
— The computer removes the read/write 
head of the drive to track 13. The data 
on track 13, sector 1 are loaded into the 
computer from address $3A79...on- 
wards, Sector 1 of track 13 is eight 
pages long. When all tracks have been 
loaded into the computer the message 
*Track O&1* is issued, as with 
OS-65D V3.1, and a jump is made to 
the hex display monitor. 
6) The <PC> key 

You can leave the hex display moni- 

tor and jump to the DOS command 
interpreter with the <PC> key. Printer 
1/0 is initialized but no new baud rate 
measurement is made. The computer 
responds with the prompt A” or B", etc.. 
7) Printer input routine. 

The printer input routine receives a 
character from the terminal. The re- 
ceived ASCII character is in the accumu- 
lator of the CPU after the return from 
the input subroutine. Bit 7 of the charac- 
ter is always a logic zero. The contents 
of the index registers are not affected 
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Figure 5. The command transfer to the different transient processors: from BASIC to 
ASSEMBLER, from ASSEMBLER to EXTEND MONITOR, etc. and vice versa. The ‘control 
centre’ is the DOS, It allows the BASIC, ASSEMBLER and EXTENDED MONITOR transient 
processors to be loaded from the diskette into the computer. 
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by calling this subroutine. The start 
address of the printer input routine is: 
RECCHA* $FE1B (call: JSR RECCHA). 
8) Printer output routine. 

The printer output routine sends the 
character in the accumulator of the 
CPU to the terminal. The transfer for- 
mat is: 

— one start bit 

— seven data bits 

— no parity bit 

— two stop bits 

The contents of the index registers are 
not affected by calling this subroutine. 
The start address of the printer output 
routine is: 

PRCHA* $FEA3 (call: JSR PRCHA). 


How does the bootstrap routine 
operate? 


Now that we know what the software in 
the bootstrap EPROM consists of, we 
should discuss operation of the boot- 
strap routine. Once you have entered 
<RST> 
<AD> FF17 
<GO> 
into the computer, the following opera- 
tions take place: 
1) The computer sets the indirect jump 
vector for the (BREAK) key on the 
terminal. The NMI vector points to the 
hex display monitor. 
2) The computer initializes the 1/O on 
the floppy disk interface p.c.b. (6821 
and 6850) and the serial 1/O for the ter- 
minal (6532). When all 1/O lines have 
been initialized the computer waits for 
the RUBOUT character from the ter- 
minal, to measure the baud rate. The 
baud rate is stored in memory cells 
$FA5A...FA5D (see floppy disk 
documentation). 
3) Once the baut rate of the terminal 
has been measured, the computer 
loads track 0 (= 2 K bytes of software 
in machine language). The steps re- 
quired to load track 0 into the compu- 
ter are as follows: 
— Position the read/write head of the 
drive over track 0. A light barrier in 
the drive informs the computer when 
the head is positioned over track 0. 
— The computer then emits a head load 
pulse to the drive. The read/write 
head is lowered onto the surface of the 
diskette. The computer then waits for 
the index hole in the diskette. Another 
light barrier generates the index pulse 
as soon as the index hole of the diskette 
passes the light barrier. 
— Once the index pulse has decayed, 
the control register is set in the 
ACIA (6850). The transfer format of 
the ACIA is: one start bit, eight data 
bits, one even parity and one stop 
bit. 
— The computer reads the first byte 
from the diskette. This byte is the 
most significant start address of the 
memory area in which track 0 is stored 
(= $22). The second byte from the 
diskette is the least significant byte of 
the start address (= $00). Both bytes 
are loaded into the bump pointer (load 


<RST> 
<AD> 
<Go> 


FFE2 


(RUBOUT) 


*TRACK 061% 


<AD> 2217 
<DA> 4c 
<+> 40 
<+> 22 
<AD> 2245 
<DA> 4c 
<+> 76 
<+> 22 
<AD> = - 2283 
<DA> 4 
<> AG 
<> 22 
<PC> 


AACA 0200013,1. 


Table 2. Adapting an OS-65D V3.1 diskette 
to the Junior Computer (Part 1), if only one 
drive is available. 
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AMIN 
ARE YOU SURE?Y 
A*GO_0200 


- DISKETTE UTILITIES - 


SELECT ONE: 

1) COPIER 

2) TRACK @ READ/WRITE 
22 


- TRACK ZERO READ/WRITE UTILITY - 


COMMANDS : 
Rnnnn - READ INTO LOCATION nnnn. 
Wnnnn/gggg,p - WRITE FROM nnnn FOR p PAGES 

WITH gggg AS THE LOAD VECTOR 
E - EXIT TO 0S-65D 


COMMAND? W2200/2200,8 


~ TRACK ZERO READ/WRITE UTILITY ~ 

COMMANDS: 

Rnnnn ~ READ INTO LOCATION nnnn. 

Wnnnn/gggg,p - WRITE FROM nnnn FOR p PAGES 
WITH gggg AS THE LOAD VECTOR 

B - EXIT TO 0S-65D 


COMMAND? 


A*HOME 


A*SA_ 01, 1=20 90/8 


Table 3. Adapting an OS-65D V3.1 diskette 
to the Junior Computer (Part 2). 


A*CA 4000=02,1 AXCA 4900=10,1 


AXCA 4800=03,1 A*CA 4800=11,1 
A*CA 5000=04,1 AMCA 5000=12,1 
A*CA 5800=05,1 AFCA 5100=12,2 
AFCA 6000=06,1 AMCA 5200=12,3 
AACA 6800=07,1 A*CA 5300=12,4 
A*CA 7000=08,1 ACA 5800=13,1 
AMCA 7800=09,1 AXCA 6000=14,1 
A*SA 02,1=4000/8 A*CA 6800=15,1 
AMSA 03,1=4800/8 AXCA 7000=16,1 
A*SA 04,1=5000/8 AXCA 7800=17,1 
A*SA 05,1=5800/8 AMSA 10,1=4600/8 
AFSA 06,1=6000/1 11,1=4800/8 
A*SA 07,1=6800/8 ASA 12,1=5000/1 
A*SA 08,1=7000/8 A*SA 12,2=5100/1 
A*SA 09, 1=7800/5 AKSA 12,3=5200/1 
AMSA 12,4=5300/1 
A*SA 13,1=5800/5 
AMSA 14,1=6000/8 
AMSA 15,1=6800/8 
A*SA 16,1=7000/8 


ASSA 17,1=7860/8 


A*CA 4000=18,1 AXCA 4000=26,1 


A*CA 4800=19,1 A*CA 4800=27,1 
A*CA 5000=20,1 A‘CA 5060=28,1 
A*CA 5800=21,1 AXCA 5800=29,1 
AXCA 6060=22,1 A*CA 6000=30,1 
A*CA 6800=23,1 A*CA 6800=31,1 


A*CA 7000=24,1 
A*CA 7800=25,1 


A*CA 7000=32,1 


AMSA 26,1=4000/8 


*S, = 
A*SA 18,1=4000/8 A*SA 27,1=6806/8 


ASA 19,1=4800/8 A‘SA 28,1=5000/8 


AXSA 20,1=5000/8 A*SA 29,1=5800/8 
A*SA 21,1=5800/8 A*SA 30,1=6000/8 
A*SA 22,1=6000/8 AMSA 31,1=6800/8 


AASSA 23,1=6800/8 AXSA 32,15=7000/8 


AMSA 24,1=7000/8 Ae 
A*SA 25,1=7800/8 
<RST> 
<AD>  FF17 
<GO> 
(RUBOUT) 


OS-65D V3.0 

OSI 9 DIGIT BASIC 
COPYRIGHT 1977 BY MICROSOFT 
36225 BYTES FREE 


OK 


Table 4. Adapting an OS-65D V3.1 diskette to the Junior Computer (Part 3), 


pointer). Thus the bump pointer points 
to address $2200. The computer then 
reads the third byte from the diskette. 
This byte indicates the number of pages 
on track 0 (= $08). 
— The next bytes are 2 K bytes of soft- 
ware in machine language. These 
bytes are loaded from the diskette into 
the computer. The memory area is 
$2200... 29FF. 


— Once track O has been stored in the 

memory, the read/write head is 
raised from the surface of the diskette 
and a jump to address $2200 takes 
place. Starting with this address, the 
computer finds further instructions con- 
cerning the address into which the 
tracks and sectors are to be loaded. Nor- 
mally the two K bytes of software on, 
track 1 are loaded into address range 
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RUN "BEXEC#" 
BASIC EXECUTIVE FOR 
0S-65D V3.1 

JUNE 25, 1986 RELEASE 
FUNCTIONS AVAILABLE: 


CHANGE- ALTER WORK- 
SPACE LIMITS 


DIR- PRINT DIRECTORY 
UNLOCK- UNLOCK SYSTEM 
FOR END USER MODI~ 
FICATIONS 
FUNCTION? UNLOCK 
SYSTEM OPEN 
OK 
RUN. 
BASIC EXECUTIVE FOR 
OS-65D V3.1 
JUNE 25, 1980 RELEASE 
FUNCTIONS AVAILABLE: 


CHANGE- ALTER WORK- 
SPACE LIMITS 


DIR~ PRINT DIRECTORY 
UNLOCK- UNLOCK SYSTEM 


FOR END USER MODI- 
FICATIONS 


FUNCTION? 
LIST ON LINEPRINTER INSTEAD OF DEVICE #1 ? NO 


OS-65D VERSION 3.0 


== DIRECTORY -~ 
FILE NAME ‘TRACK RANGE 
0s65D3 @ -12 
BEXEC* 14-14 
CHANGE 15 - 16 
CREATE 17-19 
DELETE 20 = 20 
DIR 21 - 21 
DIRSRT 22 = 22 
RANLST 23 - 24 
RENAME, 25 - 25 
SECDIR 26 - 26 
SEQLST 27 - 28 
"TRACE 29 - 29 
ZERO 30 - 31 
ASAMPL 32 ~ 32 


50 ENTRIES FREE OUT OF 64 


oK 


Table 5. ‘Trial run’ of an adapted OS-65D 
V3.1 diskette. Utility program BEXEC* is 
called when the BASIC interpreter has been 
loaded. 


$2A00...31FF. Track 0 and track 1 
jointly contain 4 K bytes of software in 
machine language, which make the en- 
tire disk operating system operable. 
— Once the disk operating system 
(DOS) has been loaded into the com- 
puter, the BASIC interpreter is loaded 
from the diskette into the memory. 
With OS-65D V3.1 the BASIC interpre- 
ter is located on tracks 2...4. With 
OS-65D V3.3 the BASIC interpreter and 
various extensions of the editor are lo- 
cated on tracks 2...4, track 6 and 
track 13. When the interpreter has been 
loaded a jump is made to the cold-start 
entry of the BASIC interpreter ($20E4). 
The system then responds with the 
prompt ‘OK’. 
— The system is not yet ready for the 
statements LIST, CONT etc.. Even a 
BASIC file cannot yet be created. The 


1@ REM DIRECTORY UTILITY FOR OS-65D VERSION 3.0 
20 REM 

30 NF=0 

40 PN=11897 

50 DEF FNA(X)=1O4INT (X/16)+X-164INT (X/16) 
BREAK 

oK 


LIST ON LINEPRINTER INSTEAD OF DEVICE # 1 ? NO 


OS-65D VERSION 3.0 
~~ DIRECTORY -- 


PILE NAME TRACK RANGE, 
0S65D3 @ = 12 
BEXEC* 14-14 
BREAK IN 11110 

OK 

CONT, 

CHANGE. 15 = 16 
CREATE. 17-19 
DELETE 20 - 20 
DIR 21 - 
BREAK IN 11100 


oK 


Table 6, Checking the (BREAK) key with the 
LIST command and the RUN statement. 


02 

03 

04 

05 

06 

A*CA 0200=13,1 07 
08 

AxGO_0200 09 
10 

ist 

- DISKETTE UTILITIES ~ te 
SELECT ONE: a 
1) COPIER 14 
2) TRACK 0 READ/WRITE re] 
oe 18 
19 

: 20 

- DISKETTE COPIER ~- 21 
FROM DRIVE (A/B/C/D)?_A_ a2 
TO DRIVE (A/B/C/D)?_BL a 
26 

STARTING TRACK?_2_ Bf 
ENDING TRACK (INCLUSIVE)? 32 - 
1 

READY (Y/N) ?_Y_ 32 


Table 7, If two floppy disk drives are available 
(drive A and drive B), an OS-65D V3.1 
diskette can be adapted very easily, Copying 
is performed automatically by the computer. 


only BASIC statement that the compu- 
ter recognizes is RUN. If you wish to 
generate a BASIC file, load the program 
BEXEC” into the computer using the 
command: 

RUN ‘BEXEC*’ 

The computer then presents a menu of 
options. With OS-65D V3.1 select the 
option ‘UNLOCK’ and with OS-65D 
V3.3 select option ‘9’. The computer 
responds with the prompt ‘SYSTEM 
OPEN’. Now enter a ‘NEW’ statement 
and the work space of the Junior is 
formatted for your BASIC file. 


The DOS and its capabilities 

The Junior Computer can easily be con- 
verted to various transient processors 
with Ohio’s disk operating system, 
which is located on track O and track 1 


of the diskette. Figure 5 shows how the 
individual connections between the 
DOS and the processors can be made 
and cancelled. If, for example, you start 
the DOS at address $FF17 the Junior 
becomes a BASIC computer. If you 
want to convert the Junior to an 
Assembler computer, you must enter 
EXIT in order to leave the BASIC inter- 
preter. After the EXIT command the 
Junior responds with the DOS prompt 
A* or B”*, etc. on the printer. If you 
then enter AS or Assembler the Junior 
converts itself to an Assembler Compu- 
ter. You can then create an Assembler 
file and write on the diskette with the 
DOS. However, you can also assemble 
the source file and program the object 
code directly in the EPROM with the 
ELEKTOR EPROM programmer, with- 
out having to type in a single byte. The 
computer performs this task automati- 
cally. For further details regarding 
operation with Assembler, please con- 
sult Ohio Scientific’s Assmbler Manual. 
Note that the Assembler and Extended 
Monitor are not on the diskette in the 
case of OS-65D V3.1. Only OS-65D 
V3.3 has the Assembler and Extended 
Monitor (EM) on the diskette as 
standard. 


Adapting an OS-65D V3.1 
diskette for one drive 


If you have only one drive, V3.1 can 
only be adapted to the Junior Computer 
with a considerable amount of typing. 
Tables 2,3 and 4 show how this is 
done. First we start the system with the 
hex keyboard. A program with which a 
V3.1 diskette can be loaded into the 
Junior Computer to facilitate modifi- 
cation begins at address $FFE2. When 
the (RUBOUT) key has been pressed 
the computer loads track 0 and track 1 
into the memory and responds with 
*TRACK 0&1*. The display lights up, 
the vectors for the input and output 
routines are automatically loaded and 
the programmer can now modify some 
bytes at addresses $2217, $2245 and 
$2283. Once the bytes have been modi- 
field in accordance with Table 2, a jump 
to the DOS command interpreter is 
made using the <PC> key. The DOS 
responds with the prompt A*. 

The command CA 0200-13,1 loads from 
track 13, sector 1 of the diskette. The 
data are stored in the computer from 
address 0200 onwards. The program 
that we have just loaded into the Junior 
Computer is a disk copier and track O 
read/write utility. You can write the 
modified DOS onto track 0 of your dis- 
kette with the track 0 read/write utility 
program. But first you must initialize 
your diskette. Remove the Ohio dis- 
kette from the drive and insert your dis- 
kette, then close the door of the drive. 
Table 3 shows the next steps: type the 
word IN. This command initializes the 
diskette. The system asks: ‘ARE YOU 
SURE? '. Your reply is Y(ES). The drive 
ceases clicking when the formatting in- 


12-54 — elektor december 1982 floppy-disk interface for the Junior 


Table 8. Adapting an OS-65D V3.3 diskette. ean a2 = ae 
BASIC is loaded via a jump to the DOS MODEM 37 - 38 
<RST> command interpreter (GO 2276) and copied oe gern 3e roe 
ae FFE with the utility program BEXEC*. Finally 
a ‘trial run’ is executed to ensure that the Depress RETURN to continue ? 
(RUBOUT ) diskette was adapted correctly. <RST> 
<AD> — FFES 
*PRACK O61* <Go> 
<AD> 2217 
chase ae (RUBOUT) 
<> 40 
<> 22 


*TRACK O&1* 
<AD> =. 2245 


<DA> 4c 
> 76 es 
<4> 22 
* 
<AD> 2285 ANG 2276 
EDR? BE OS-65D V3.0 
Ok OSI 9 DIGIT BASIC 
ae COPYRIGHT 1977 BY MICROSOFT 
33921 BYTES FREE 
+> BS 
<+> 22 Ok 
RUN"BEXEC*" 
<AD> 2884 
<DA> 4c 0S-65D Tutorial disk five - Sept. 16, 1981 
<> BO 1 > Directory 
ae 2 > Create a new file 
3 > Change a file name 
nes, 4 > Delete file from diskette 
5 > Create blank data diskette 
A*CA 0200=06,4 6 > Create data diskette with files 
7 > Create buffer space for data files 
A*GO 0200 8 > Single or dual disk drive copier 
9 > Enter 0S-65D system 


- TRACK ZERO READ/WRITE UTILITY - Type the number of your selection 
and depress RETURN ? 8 


COMMANDS : 
Rnnnn ~ READ INTO LOCATION nnnn. ~ Diskette copier ~ 
Wnnnn/gggg,p - WRITE FROM nnnn FOR p PAGES 


WITH gggg AS THE LOAD VECTOR Copy from which drive (A/B/C/D) ? A 
E - EXIT TO 0S-65D 
Copy to which drive (A/B/C/D) ? A 


COMMAND? W2200/2200,8 
a What is the last track to be copied (Inclusive) <0-39> ? 39 


- TRACK ZERO READ/WRITE UTILITY = 
Teac a Are you ready to start copying (Y/N) ? ¥ 


COMMANDS : 


Insi -- 
SaGEn © Bako: GNGG. ROSNAVER nnn’ nsert master diskette press <RETURN> ? 
Wnnnn/gggg,p - WRITE FROM nnnn FOR p PAGES Rewditnge =~ 
WITH gggg AS THE LOAD VECTOR q 

E - EXIT TO OS-65D Insert blank diskette -- press <RETURN> ? 
COMMAND? E Initializing -- 
AMSA 01, 1=2A00/8 Track 01 - 91/08 

Track 62 - 01/08 
Af Track 03 - 91/68 


Track 04 ~ 91/08 


<RST> Track 05 - 01/08 
<AD> —-FF17 Track 06 ~ 01/01 - 62/01 - 03/01 - 04/02 
<GO> Track 07 - 61/68 
Track 08 - 91/08 
(RUBOUT) Track 09 - 01/08 
Track 10 - 01/08 
Track 11 - 61/01 - 62/01 - 63/01 ~ 04/01 - 05/01 - 6/01 - 07/01 
OS-65D V3.0 Track 12 - 61/861 - 02/01 - 83/01 - 04/01 
OSI 9 DIGIT BASIC Track 13 - 61/08 
COPYRIGHT 1977 BY MICROSOFT Track 14 - 01/08 
34177 BYTES FREE 
me Insert master diskette -- press <RETURN> ? 
RUN" BEXEC*" Reading -- 
OS-65D Tutorial disk five - Sept. 16, 1981 Insert blank diskette -- press <RETURN> ? 
1 > Directory 
2 > Create a new file Track 15 - 61/08 
3 > Change a file name Track 16 - 91/08 
4 > Delete file from diskette Track 17 - 01/08 
5 > Create blank data diskette Track 18 - 61/08 
6 > Create data diskette with files Track 19 - 01/08 
7 > Create buffer space for data files Track 26 - 01/08 
8 > Single or dual disk drive copier Track 21 - 91/08 
9 > Enter OS-65D system Track 22 - 01/08 
Type the number of your selection Track 23 - 01/08 
and depress RETURN ? 1 Track 24 - 01/08 
Track 25 - 01/08 
Directory utility Track 26 - 01/08 
Directory of which drive ? Track 27 - 01/08 
Type A,B,C or D and depress RETURN <A> ? Track 28 - 61/08 
Do you want to list the directory 
to the printer (Yes or No) <No> ? Insert master diskette -- press <RETURN> ? 
-- Directory -- Reading -- 
File name Track range 
0s65D3 6 -13 Insert blank diskette -- press <RETURN> ? 
BEXEC* 14 - 16 
COPIER 17 - 18 
CHANGE 19 - 26 Track 29 - 01/08 
CREATE 21 - 22 Track 30 - 91/08 
DELETE 23 - 23 peace ab = Bibee 
DIR 24 - 24 rac! = 
RANLST 25 - 26 Track 33 - 61/08 
RENAME 27 - 27 Track 34 - 91/68 
SECDIR 28 - 28 Track 35 - 01/08 
SEQLST 29 - 30 Track 36 - 01/08 
TRACE 31 = 31 Track 37 - 01/08 
ZERO 32 - 33 Track 38 - 01/08 
ASAMPL 34 - 34 Track 39 - 1/05 - 62/02 


eee res, 
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Figure 6. These two hefty power supplies are more than adequate for powering the DOS Junior Computer. They can both be constructed on 
Elektor printed circuit boards (EPS 82570). They are sufficiently rated to power a complete Junior Computer, including four disk drives. 


formation has been written on all 39 
tracks of the diskette. After initiali- 
zation the diskette is ready for read/write 
operations. Now proceed according to 
Table 3. First you write eight pages of 
software on track 0 with the command 
W2200/2200,8. The start address is 
$2200 and the load vector for the boot- 
strap function is also $2200. The first 
half of the DOS is thus written on the 
diskette. 

The command SA 01,1=2A00/8 saves a 
data block of a length of eight pages on 
track 1, sector 1, beginning with start 
address $2A00. You save the second 
part of the DOS on the diskette with 
this command. Since, with the V3.1 
copier it is not possible to copy from 
drive A to drive A, copying must be 
performed track by track and manually. 
Table 4 shows how this is done. It 


should be noted that with the ‘CA’ 
commands the Ohio diskette is mounted 
in drive A, whilst with the ‘SA’ com- 
mands your diskette is mounted in drive 
A. When tracks 2...32 have been 
copied from the Ohio diskette onto 
your diskette, a trial run can be started. 
Switch off the supply voltage of the 
computer. Wait a few seconds and 
switch the supply voltage on again. 
Mount your diskette in drive A. Start the 
bootstrap function at address $FF17 as 
shown in Table 4, The system responds 
with a message and the prompt ‘OK’. 
The number of free bytes depends on 
the capacity of the RAM. With a 48 K 
byte dynamic RAM you have access to 
36225 memory locations. 

Start the utility program BEXEC* with 
the command RUN ‘BEXEC*’. This 
program is written in BASIC. The com- 


puter prints a menu of options. First 
select the option UNLOCK; the compu- 
ter is now ready for all BASIC state- 
ments. 

Proceed as shown in Table 5. Start the 
directory utility program. The computer 
then prints the entire directory. Finally, 
a check should be made to establish 
whether the (BREAK) key of the termi- 
nal is functioning correctly. Table 6 
shows how a LIST command is first 
interrupted and a program is then termi- 
nated with the (BREAK) key. You can 
continue the program from its point of 
interruption using the CONT command. 


Adapting an OS-65D V3.1 
diskette for two drives 


It is considerably easier to adapt V3.1 
to the Junior Computer when two 


12-56 — elektor decamber 1982 


drives are connected. Modify and copy 
track 0 and track 1 in accordance with 
Table 2 and Table 3. When these two 
tracks are both on the diskette, remove 
your diskette from drive A and mount it 
in drive B. Now mount the Ohio diskette 
in drive A. Proceed according to Table 
7. The computer now automatically 
copies all tracks from the Ohio diskette 
in drive A onto your diskette in drive B, 
beginning with track 2 and ending with 
track 32. After this procedure your dis- 
kette is adapted to the Junior Computer 
with the Ohio software. 


Adapting an OS-65D V3.3 
diskette 


The V3.3 diskette is much easier to 
adapt than the V3.1 diskette. Only one 
drive is required. Table 8 shows how 
to proceed. First we load track 0 and 
track 1 into the computer. Since the 
DOS is located in the memory, we load 
the BASIC interpreter with the com- 
mand GO 2276. The prompt OK shows 
that the interpreter is loaded. Then we 
load the utility program BEXEC* with 
the command: 

RUN ‘BEXEC”’ 

The computer prints a menu of options 
and we select the option ‘8’. With this 
option we are selecting the copier. When 
all the tracks have been copied, some 
modifications must be made to the disk 
Operating system. Press the <RST> key 
again and start the program at address 
$FFE8. Tracks 0 and 1 are then loaded 
into the computer again. However, 
memory area $2200...22FF is no 
longer overwritten by the BASIC inter- 
preter. Implement the modifications at 
addresses $2217, $2245, $2285 and 
$2E84 in accordance with table 8. 
Once these modifications have been 
implemented, load the track 0 read/write 
program from track 6, sector 4. Write 
the modified DOS onto track O of the 
diskette again using this program. The 
command SA 01,1=2A00/8 saves eight 
pages of DOS software on track 1. You 
now have a V3.3 diskette which is adap- 
ted to the Junior Computer. You can 
start BASIC at address $F F17. The DOS 
and BASIC interpreter are automatically 
loaded into the Junior Computer after 
you have pressed the (RUBOUT) key — 
see Table 8. 


The DOS command interpreter 


As already mentioned, the disk ope- 
rating system has its own command 
interpreter. We shall now examine the 
most important commands. If a com- 
mand is not entered correctly an error 
message is issued. 

Whenever the computer has printed the 
DOS prompt A* or B* you can enter a 
DOS command after the prompt. The 
computer only recognizes the first two 
upper-case letters of each command. 
With a SAVE command, for example, 
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Figure 7. The power supplies for the dynamic RAMs and the printer interface can also be built 
quite simply with Elektor printed circuit boards (EPS 9968-5a). 


it makes no difference whether you 
enter SA, SAV or SAVE. 


Command AS or ASM 


The computer loads the Assembler and 
Extended Monitor from the currently 
selected drive. Once this program has 
been loaded in machine language, a 
jump is made to the cold-start entry of 
the Assembler. The Assembler is linked 
with a line-oriented editor. 


Command EM 


The computer loads the Assembler and 
Extended Monitor from the currently se- 
lected drive. Once this program has been 
loaded in machine language, a jump is 
made to the Extended Monitor. This is 
a program with which a machine 
language program can easily be checked. 
The Extended Monitor has its own com- 
mand interpreter. The most important 
commands are: 
ISTRING 
Send ‘STRING’ to the DOS command 
interpreter as a command. 
aNNNN 
Open the memory cell with the address 
NNNN for execution of the following 
subcommands: 

(LF) Open the next memory cell 

(CR) close the currently addressed 

memory cell 


(D)(D) write the data into the 

currentlt addressed memory 

cell 

print the ASCII character of 

the currently addressed 

memory cell 

(/) prepare the currently ad- 
dressed memory cell for 
data input 

(*) open the previously addres- 
sed memory cell for data in- 
put 


(") 


BN,LLLL 

Set the break point with number N at 
address LLLL. The numeric range of 
the break point number N is 1... 8. 

EN 

Eliminate the break point with num- 
ber N. 

A 

Print the accumulator contents resulting 
from the last break point. 

c 

Start the program after the last break 
point. 

DNNNN,MMMM 

Make a memory dump from address 
NNNN up to and excluding address 
MMMM. 

EX 

Leave the Extended Monitor and return 
to DOS. 

FNNNN,MMMM=DD 

Fill the memory area beginning with 
address MMMM and ending with address 
MMMM -1 with the data DD. 
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GNNNN 

Jump to address NNNN and process the 
program there. 

HNNNN,MMMM(OP) . 

Call of the hexadecimal arithmetic unit. 
The arithmetic unit prints the result 
NNNN (OP) MMMM, where (OP) can be 
equal to +, —, *, /. Addition, subtrac- 
tion, multiplication and division of 
hexadecimal numbers can be executed. 
MNNNN=MMMM,LLLL ; 

Move memoryarea MMMM...NNNN—1 
into the memory area that begins at 
address NNNN. 

RMMMM=NNNN,LLLL 

The Extended Monitor has a so-called 
relocator. This allows machine language 
programs to be moved to another me- 
mory area. The computer performs the 
correcting of all absolute addresses: 
‘Relocate’ the memory area between 
NNNN...LLLL—1 into the memory 
area that begins at address MMMM. 

The Extended Monitor has some other 
commands which you can find in the 
Ohio Manual. 


Command BA 


The command. loads the BASIC inter- 
preter from the currently. selected drive. 
Once the BASIC interpreter has been 
loaded, a jump is made to the cold-start 
entry. The interpreter provides infor- 
mation regarding the number of free 
memory locations in the system and 
responds with the prompt ‘OK’. 


Command CA NNNN=TT;S or 
CALL NNNE= TT,S 

Load the data from track TT, sector S 
of the diskette into the computer. Store 
the data in memory area NNNN... 
The numeric range for TT is 1...39 
and the numéric range for Sis 1... 8. 


Command SA TT,S=NNNN/8PP 
or SAVE TT,S=NNNN/P 


Save the data in memory areaNNNN,.. 
for P pages onto the diskette. The track 
number is TT, the sector number is S 
and the riumber of pages to be written 


onto the diskette is P. The numeric 
range for TT is 01...39, for S it is 
1...8and for Pitisalso1...8. 


Command DI TT or DIR TT 


This command allows a check of the 
numbers of sectors on track TT to be 
made. The numeric range of TT is 
01...39. 


Command IN or INIT 

The command IN: initializes a new dis- 
kette on which no data have been writ- 
ten yet. If you wish to erase a recorded 
diskette, you can do so with the IN 
command. 


Command IN TT: 
This initializes track TT only. 


8 
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Figure 8. These modifications constribute greatly to the proper functioning of the dynamic RAM card. 
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CE 


Command SE X or SELECT X 


One of four drives can be selected with 
this command. The computer only 
operates with one selected drive. 
X=A,AB,CorD. 


Command LO FILE or 
LOAD FILE 


A file with a name can be loaded into 
the main memory with this command. 
However, the name of the file must be 
specified in the directory of the dis- 
kette. A file name can be generated in 
the directory (track 12) with the 
CREATE utility program. Further de- 
tails can be found in the manuals sup- 
plied with the diskettes. The file name 
must begin with an alpha character and 
can be 1...6 characters long. 


Command PU FILE or 
PUT FILE 


A file with a name can be written from 
the main memory onto the diskette 
with this command. Before the file can 
be written on the diskette the file name 
must be specified in the directory. 


Commands PU TT and LO TT 

With this command a file in the work 
space of the computer can be written 
onto the diskette or read from the 
diskette into the computer without 
a file name. However, the file in the 
work space must not be longer than 
2K bytes. It is advisable not to use 
these two commands because it is 
easy to overwrite existing software on 
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the diskette without being warned by 
an error message. 


Command RE or RETURN 


With RETURN commands you can re- 
turn from the DOS interpreter to the 
present transient processor: 

REAS return to Assembler 

RE BA return to BASIC 

RE EM return to Extended Monitor 
You can find other commands in the 
Ohio Manual. We shall now end the soft- 
ware adaptation and discussion of the 
disk operating system and consider 
some special hardware requirements of 
the DOS Junior Computer. 


Hardware requirements of a 
6502 DOS computer 


Computers on which a disk operating 
system is implemented require a good 
power supply. The power supply chosen 
for the DOS Junior Computer should 
have sufficient reserve capacity and 
should have a pulse-free output. If you 
already have an extended Junior Com- 
puter, you can continue to use the exis- 
ting power supply. It is only necessary 
to build a new 12 V/4 A power supply 
for the drive. If, however, you have not 
yet got a power supply you can use the 
circuits in figure 7. These power 
supplies are intended to power the en- 
tire DOS computer; they are easy to 
build and are reliable. The entire circuit 
can be accommodated on only four 
ELEKTOR printed circuit boards:, 
2-times ESS 82570 and 2-times ESS 
9968-5a. Two transformers are required 
with the following ratings: 9... 10 V/ 


Table 9. Hex dump listing for the bootstrap EPROM ESS515. The source listing is available as part of the documentation, 


nT 


10 A and 15 V/4.4...5 A. Both trans- 
formers should be of the toroidal type. 
Toroidal transformers are more expens- 
ive than the laminated type but are 
lighter and generate less of an inter- 
ference field. The temperature rise of a 
toroidal transformer is also limited, even 
under full load. 

A third transformer with 2-times 
15 V/ 1A provides the supply voltage 
for the dynamic RAM cards and the 
printer interface. No particular demands 
are made of this transformer. With the 
power supply circuits of figures 6 and 7 
you will never have problems with the 
DOS Junior or any other 6502 compu- 
ter, because they are generously over- 
rated and short-proof. The power sup- 
plies can be accommodated in a flat case 
of the dimensions 300 mm x 70 mm x 
200 mm. Conductors with a cross-section 
of 1.5 square millimetres should be used 
for the wiring. 


The dynamic RAM card 


Experience has shown that the dynamic 
RAM card ‘refuses’ to operate with cer- 
tain 6502 processors. Neither was the 
card very fond of the 6809 processor so 
far. For this reason we have made a few 
modifications to the dynamic RAM card 
which make it extremely reliable in con- 
junction with any 6502/6809 system. 
Figure 8 shows all the modifications . 
that we made to the circuit diagram and 
p.c.b.. 

We wish you continued enjoyment with 
the DOS Junior Computer which is still 
the lowest-cost and favourite computer 
for home construction, with a disk 
operating system. | 
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a dozen 


No matter how unusual or irrelevant a 
sound may be, a use is always found for 
it and the number of people wanting to 
produce sound effects is simply amazing. 
To a certain extent noises of one kind 
or another are part of everyday life. In 
artificial environments such as recording 
studios, discos, concert halls and quiet 
front rooms the lack of birds chirping 
and explosions is noticeable. The only 
way to introduce well known and 
seemingly well loved (?) noises is to 
produce them synthetically. This is 
where the SN76477 IC comes into its 
own, because it contains all the in- 
gredients of a BBC effects laboratory, 
producing a large number of refreshing 
sounds. This TexasIC is not new 
especially to Elektor readers. The main 
advantage of using a well proved compo- 


amd one sounds... 


an assorted box of sound effects 


The circuit will be of great interest to experimentors musicians and 
recording enthusiasts alike. A single chip with a few surrounding 
components realises a circuit which makes a respectable job of 
reproducing sounds like, rain, explosions, cars crashing and so on. 
Ideal for mixing new film sound tracks. 


nent is that it is available at a relatively 
low price. 


The IC 


The article is aimed at the practical 
aspects and not at the theory so we will 
stick to a brief survey of the most 
important features. The internal layout 
of the complex sound generator is given 
in figure 1. A closer look shows that 
there are three fundamental signals pro- 
duced. These are obtained from: the 
super low frequency oscillator (SLF), 
the voltage controlled oscillator (VCO) 
and the noise generator. 

The SLF provides two output signals: a 
square-wave processed by the mixer 
stage and a triangular wave form used to 
control the VCO by way of the external 
VCO/SLF select section. 

The oscillator frequencies of each stage 
are determined by the various external 
RC networks. It is clear from just 
a rudimentary description that the 
SN 76477 is a very versatile IC. 


The circuit 


Because of the enormous capabilities 
of the IC, to create an endless reper- 
toire is theoretically possible. But, 
for practical reasons a circuit able to 
produce a dozen or more different 
sounds is by far a better investment 
and a good basis for further experimen- 
tation. 

Figure 2 shows the complete circuit in 
block diagram form. The potentiometers 
set the frequency of each stage. The 
VCO consists of an oscillator which is 
dependant on the input voltage. This 
control voltage can either be the SLF 
output signal or an externally applied 
one. 
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Figure 1. The block diagram of the internal components of the complex sound generator IC, It basically contains an SLF oscillator, a VCO and a 


random white noise generator. 


2 


82176 -2 


Figure 2. The complete circuit of the effects box in block diagram form. 


The output signals from the three 
stages are fed to the mixer. Depending 
on the logic levels presented to the 
mixer select inputs, one, or a combi- 
nation of the three is passed on. 

Figure 3 illustrates the practical circuit 
design of the effects box. Apart from 
the complex sound generator IC nearly 
all the other components are just 
potentiometers and switches. Transis- 
tors T1 and T2 constitute a simple 
complementary pair AF amplifier with 
P4 as the volume control. 

Because of the number of switches and 
potentiometers the easiest way to 
explain their function is to list them. 


e@ P1 adjusts the clock frequency of the 
pseudo-random white noise gener- 
ator. 

@ P3 sets the SLF oscillator frequency. 

@ S1 determines whether the VCO is 
controlled by the SLF signal (pos- 
ition 2) or not (position 1). 

e@ S2 is used to switch from one 
SLF frequency range to another, 
(1 = high, 2= low). 

e@ S3, S4, S5 are connected to the 
select inputs of the mixer stage. 

@ P2 determines the VCO frequency. 
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Figure 3. The circuit diagram of the effects box. $3, S4, S5 can be combined into one 8 way switch, 


4 


(250k jog.) 


+9OV 


1c1 
SN 76477 


Figure 4. A suitable circuit providing a line feed to your hifi system. 


S3, S4, and S5can be individual switches 
or combined into one 8 way 3 pole wafer 
(S7) as shown in figure 3. Table 1 
itemises exactly what effect each 
position of S7 has. 

Each new sound produced can be 
further modified by rotating any one or 
all of the potentiometers. Constructors 
wanting to experiment further can try 
new values for R3, R4 and R6. 


Construction 
With the accent on experimentation to 
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Table 1 
# closed position mixer 
\ 86 switches _ of S7 output 
(Oo) - 1 vco 
S4 2 SLF 
ae $3 3 noise 
' $3, S4 4 VCO/noise 
—L S5 5 SLF/noise 
To $4, 85 6 SLF/VCO/noise 
S3, S5 7 SLF/VCO 
S3, S4, S5 8 inhibit 


821764 


produce a ready-made printed circuit 
board would be inappropriate, and 
anyway, as most of the components are 
switches and potentiometers it would 
be a waste of money. In fact vero board 
or something similar is ideal here. 

Any 4 to 8Q speaker is suitable provided 
it can handle at least 100 mW. Substi- 
tuting the amplification stage (T1, T2) 
with the circuit shown in figure 4 
provides a line feed to any Hi Fi system 
or external power amplifier. 

A single 9 V battery is sufficient. This 


Table 1. The effect produced by each position of $7. 
ss 


is because the IC contains its own 
internal voltage regulator (not shown 
in figure 1) which derives a stable 5 V 
from the original input voltage (pin 
149 Vin, pin 155 V out)). The current 
consumption will depend on the output 
volume but it should not exceed 50 mA. 
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stop-signal override for model railways 


Model railway enthusiasts know the 
problem: stop-signals disconnect the 
supply voltage from a section of track as 
soon as the signal indicates ‘stop’. Any 
train approaching the signal is obliged 
to stop on the dead section of track. It 
can only continue its journey when the 
stop-signal indicates ‘line clear’ or 
‘reduce speed’. 

The problem arises when a train is sup- 
posed to approach the stop-signal from 
the opposite direction during shunting 
or at rural stations. This is not possible 
with the usual stop-signal circuit which 
disconnects the supply voltage, thus 
preventing traffic in both directions. 
What we need is a circuit that allows the 
stop-signal to operate almost like a 
diode: in the normal direction the signal 
stops trains but allows trains to travel in 
the reverse direction. 

As usual, we have found a simple 
solution. 

In addition to the stop-signal we need 
two rail contacts at the two ends of the 
controlled section (see figure 1). These 
are contact A at the end and contact B 
at the beginning, when viewed in the 


override 


shunting possible in 
spite of the stop-signal 


normal direction of travel 


50) 


* see text 
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normal direction of travel. The train 
travelling in the reverse direction 
reaches contactA first. The contact 
closes and sets flip-flop 1C1. The Q- 


output of the flip-flop goes to logic ‘1’ 
and energizes the relay via T1. The relay 


contact closes and bridges the circuit 
that was originally disconnected by the 
stop-signal. The train can travel in re- 
verse along the controlled section of 
track, As soon as it reaches contact B 
the flip-flop is reset and the original 
state is restored. A train travelling in 
the normal direction first reaches con- 
tact B, thus causing the flip-flop to 
be reset and enabling proper func- 
tioning of the stop-signal. 

LED D6 (drawn with dashed lines in 
the circuit) lights up when the signal 
override is effective. 

The power supply of the override cir- 
cuit is generously rated and can power 
several override circuits of this type. 
The current drawn by one of these 
circuits depends on the relay used. 
Transistor T1 can supply a maximum 
relay coil current of 100 mA. 

Instead of using a separate transformer 
for the power supply, the AC voltage 
can also be obtained from the ‘lighting 
output’ of the model railway trans- 
former. 

If a12 V relay is utilized the AC voltage 
required is 15... 18 V and a 7812 volt- 
age regulator is needed for IC2. With a 
5 V relay a type 7805 regulator must be 
used for 1C2, in which case the trans- 
former secondary voltage should be 
approximately 8...12 V. With a relay 
voltage of 5 V, the value of R5 should 
be 120Q. K 
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elekitor 
switchboard 


JUNIOR computer + interface + 
Elekterminal + ASCII-keyboard + 
power supply uncased £ 15. Write 
1. Japan St., Cheetham, Manches- 
ter. 


WANTED 5%" disk drives (Teac 
or Olivetti but Shugart con- 
sidered). Tel: Great Yarmouth 
62102 after five. 


TESTEQUIPMENT oscilloscope 
D43 DC 15 MHz @ 100mV/cm 
£110, digital voltmeter PDM35 
£ 24, avo valve tester £30, bar- 
gains! 

P.E. Coughlin, 19, Victoria Cres- 
cent, Chelmsford, Essex CM1 10F 


ALL WANTED complete years of 
“Elektors’’, computer and radio 
test equipment, unbuilt kits, H.F. 
triband beam, 041-884.4988. 


ELEKTOR-PROJECT WANTED 
active aerial, built or in kit includ- 
ing all components and printed 
circuits boards. Apply to: 

Mr. Samuel Wong, 37 South Rich- 
mond Street, Dublin 2, Ireland. 


CREED 15 teletype with inter- 
face and control program for 
atom. All leads and new roll of 
paper. Plug in + print £ 40, 

K.Y. Chang, 10, Ashley Street, 
Glasgow G3 6HW. 


SURPLUS COMPONENTS 1%” 
panel mounting fuseholders. 40p 
ea. Varley type 4-C/O relays. 
Ok at 12V 55p ea. p&p 20p 
C.W.O. F.R. Box, 23, Regency 
Gardens, Yardley Wood, Birming- 
ham B14 4JS 


CIRCUIT or handbook for Marco- 
ni CR100/Mod8 receiver. 
1.R. Turk. 11 Medway Crescent, 
North Hykeham, Lincoln. 


PE RANGER CB 6CHS pair £60 
Ring T.C. Choy 01-505-9137 eves 
or write: London, 9 Peel Road, 
South Woodford E18. 


WANTED Microprocessor evalu- 
ation kit(s) ($DK85) ($DK86) 
(MEK6800D2) MMDI_Losmac 
Texas univ. module 9900 E.T.I. 
Fair price paid. Tel. 043-879-262. 


FOR SALE entire students stock 
or exc. transistors BC, BD, BF, 
TIP, etc., etc. COS/MOS, TTL, 
etc., etc. Reason for sale com- 
putor. Mr. B.P. Watson, 142 King 
Street, Great Yarmouth Norfolk, 
NR3O 2PQ, 


WANTED 7 and 3.5 Mcs crystals 
CW ends also holders FT243 type 
or WHU, J.W. Mackay, 11 Lans- 
downe Grove, Whitehaven. 


ELEKTOR JUNIOR computer 
built and working but not in case. 
£ 60 O.N.O. Tel. 52998 Basing- 
stoke, K.W. Pearson. 


CREED 75 teleprinter. Ideal for 
cheap listings and built to last! 
Just £20 O.N.O. + carriage. 
Phone (0202) 693646. 


FOR SALE Junior computer with 
power supply & books 1 & 2 per- 
fect WKG. Order £60. Phone 
0603 411199. 


= 
PAST ISSUES OF ELEKTOR 
Electronics today intnl. in one 
complete lot. 0632 525791 be- 
tween 6 p.m. and 8 p.m. 


STEREO DISCO CONSOLE, 
complete except for record decks, 
great sound, autofade, VU-meters 
etc. £ 100 O.N.O. 
Tel. 0706 50223. 


MINI MIXER for sale. High 
quality, special design. Electronics 
according to Elektor, with some 
adds. Price £ 80. 

Urosevic Predrag, Palmira Tol- 
jatija 24/19, 11070 H. Beograd, 
Yugoslavia. 


HYBRID G.E.C. P4E EMO CTVS 
& panels. Cheap to clear or ex- 
change for frequency meter. 
GDO or other test gear. Tel. 0742 
311191 


BC221 WWII frequency meter 
with calibration cards complete. 
Also Valves 6CH6, 6AK5, 6F33 
what offers. Tel. Romford 41118, 


CASIO FX-602P programmable 
calculator 512 steps/88 memories. 
3 months old new £ 75, yours for 
£60. Phone after 7 p.m. Jeffrey, 
Tel: 01-458-3025, 


ELECTRONIC MUSIC SYNTH 
equipment on eurocard modules 
for sale, Each card has 2 VCO, 
1VCF, 2TG, 2VCA, PS @ 
£170, 

Paolo Bozzola, via A. Molinari 20, 
25124 Brescia, Italy. 
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for our 


readers! 


Rules: 


@ Private advertisers only. No trade, no 


business. 


e@ Full address or private telephone number; 


no post office boxes. 


@ Items related to electronics only. Software 
only when related to Elektor computer 


systems, 


Name and address: 


| am a private reader. | have read your rules and | enclose a valid switchboard voucher, 
Please place the following advertisement, free, in the next available space, 


BLOCK CAPITALS PLEASE — ONE CHARACTER TO EACH BOX 


@ Maximum length: 114 characters — letter, 
numeral, comma, space. etc. (not 

including address and/or telephone number). 

@ One advertisement per reader per month. 
To enforce this rule, a switchboard voucher 

will be printed each month. 

e@ Elektor cannot accept responsibility for 
any correspondence or transaction as a 

result of a ‘switchboard’ ad, nor as a result 

of any inaccuracy in the text. 

@ Ads will be placed in the order in which 
they are received. 

@ We reserve the right to refuse advertise- 
ments, without returning them. 


Send to: 


Elektor switchboard, 
Elektor House 

10 Longport 
Canterbury CT1 2BR 


All advertisements must include the 
voucher printed here. They must 
be post-marked within the 
month indicated. 
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Sealed switch 

EECO have introduced the environmentally 
sealed MINI-DIP switch. This model features 
a flexible, clear cover and an epoxy bottom 
seal. The switch can be actuated directly 
through the flexible cover. This configuration 
offers a maximum protection during the wave 
soldering and cleaning processes, as well as 
when used in hostile environmental con- 


ditions. The seal will maintain its integrity 


when subjected to a range of temperature and 
solvents. 

The 2400 series MINI-DIP offers standard 
gold-on-gold true wiping action contacts and 
strong .508 mm x .355 mm terminals to vir- 
tually eliminate insertion and alignment prob- 
lems. Standard 2.54 mm x 7.62 mm centres 
make MINI-DIP compatible with other major 
brands. 

EECO Sales, 

Telephone: 0954.8025 


(2477 M) 


Small instrument enclosures 

The K-series of instrument housings is now 
available from Alusett UK Limited, based in 
Winchester, Hampshire. These enclosures 
comprise front and rear satin anodised panels 
that attach to a tubular blue powder-dipped 
aluminium cover using brass fixing bushes, 


Six sizes, from 90x42x 100mm to 138 x 
66x 200mm, are available and separate 
chassis are offered which can be secured to 
the front and rear panels using 3.5mm 
screws. Special sizes, configurations and 
colours, can be supplied by Alusett to suit 
non-standard requirements. 

Alusett UK Ltd., 

Whiteshute Lane, 

Winchester 

Telephone: 0962.68673 


(2509 M) 


Alphanumeric keypads 

A range of cost-effective keypads, formed 
from Shin-etsu conductive silicon rubber is 
now available from N.S.F. 

Advantages of this range include ... 

@ extended operational life 

reduced assembly costs 

one-piece construction 

elimination of spring and plunger assembly 
low chatter and bounce 

impervious to many contaminants 

@ non-discolouration of pads 

Most conventional keyboards for computer 
data entry incorporate metal contacts and 
mechanical actuation, Dirt, dust and other 
contaminants will, of course, render this type 
of construction liable to failure should they 
get between the contacts. Also, economically, 
such keyboards tend to be costly due to the 
use of gold plated contacts and to a more 
labour intensive manufacturing and assembly 
system. 


ALPHANUMERIC KEYPADS. 
ORMED FROM CONDUCTIVE 
NLICON RUALER, 


In comparison, the new keyboards are formed 
with conductive rubber instead of metal for 
the key contacts and silicon rubber domed 
membranes instead of mechanical switches. 
N.S.F. Limited, 

Switches and controls, 

Keighley, 

West Yorkshire BD21 5EF 

Telephone: 0535.61144 


(2508 M) 


BCD switches 


The model CBS switches from N.S.F, are 
available in both binary and binary coded 
complement outputs. They are provided with 
various terminations including pcb and wire- 
wrap. The moulded indexing mechanism is 
fully enclosed giving effective protection for 
the rotor connections to the printed circuit 
tracks. Four indexing configurations are 
available: 

12 positions at 30° 

16 positions at 22.5° 

24 positions at 15° 

32 positions at 11.25° 

Stops can be fitted as specified or made 
adjustable for customer adjustment. 

The model CBS switch has a switching ca- 


pacity of 3 VA with a resistive load, switches 
a maximum current of 100 mA, a voltage of 
60 V rms and has an insulation resistance of 
not less than 50,000 megohms. 

N.S.F. Limited, 

Keighley, 

Yorkshire BD21 5EF 

Telephone: 0535.61144 


Subminiature binary coded 
wafer switch 


The CLSA from NSF is a small, moulded, 
binary coded, single wafer, rotary switch for 
pcb mounting. The compact and low profile 
of this switch, manufactured to the EBE 
system, accommodates both the index mech- 
anism and the switching contacts in a single 
moulding, 18.6 mm dia. and only 10mm 
deep, and also has the position numbers 
moulded into the face. 


Model CLSA has a switching capacity of 3 VA 
max. with a resistive load, carries 1 A and has 
an insulation resistance of 10,000 megohms. 
Contacts incorporate a gold flashed finish. 
N.S.F. Limited, 

Keighly, 

Yorkshire, 

BD21, SEF. 

Telephone: 0535.61144 


(2480 M) 
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Voice response unit 

The VR8 Voice Response Unit provides clear, 
human speech output from existing com- 
puters over the dialled telephone network. 
The VR8 automatically accepts incoming 
calls from telephones with multi-frequency 
tones or standard telephones with pocket 
sized ‘Minitone’ keypad attached, and passes 
the data to a computer in the normal manner. 
The speech facility is activated by commands 
from a computer and the Unit's own micro- 
computer then delivers speech down the 
telephone line. 

Although the system is expected to operate 
mainly over the telephone, the unit may also 
be used to provide speech in conjunction with 


or as an alternative to computer output, 
normally associated with Video displays, 
where speech may be more convenient than 
the printed word. 

This device provides an inexpensive, simple to 
use method of communicating with a com- 
puter for the non-technical user. The Voice 
Response Unit can easily be added to virtually 
any business computer and is compatible with 
View Data Systems. Speech which may be 
recorded by the user is held in ROM. Other 
manufacturer's speech systems, such as 
National Semiconductors ‘Digitalker’ with 
large vocabulary, are standard options on the 
VR8. 

For users who require a lengthy or constantly 
changing vocabulary there is the highly sophis- 
ticated, multi track, cassette tape option, the 
VRS. This unit enables the user to change or 
add recordings by using a conventional plug 
in microphone. The VR5 has the unique 
ability to search for speech during data entry 
and of having more than one recording at a 
given location which, together with its high 
search speed, virtually eliminates response 
delays. Applications responding to the same 
computer program but in more than one 
language are also within the capabilities of 


this unit. The VR5 and VR7 may be com- 
bined providing both tape and solid state 
memory in a single unit. 

The Unit is available with a standard RS 232C 
interface and both IBM and ICL interactive 
protocols are also catered for, 

Medway Data Limited, 

Victoria House, 

Grover Street, 

Tunbridge Wells, 

Kent TN1 20B 

Telephone: 0892.44462 


(2502 M) 


Heating controller 

This unit is designed to control the tempera- 
tures inside buildings enabling central heating 
systems (oil, gas, electricity) to work more 
economically and therefore save direct 
energy. 

\t provides a 4 program daily cycle control- 
ing the temperature at any given period. 
These programs are totally independent and 
therefore it is possible to select day and night 
temperatures separately as desired. The dis- 
play functions as a clock as well as a ther- 
mometer., The different programs may be 
called, verified and changed individually. 


UMMA 


HAAN CCRSRANUAAALS 


This unit replaces conventional mechanical 
thermostats without additional wiring and it 
has an additional advantage; the hysteresis 
may be programmed at choice. It is also 
possible to control the unit manually without 
disturbing any of the pre-selected-programs. 
The main savings are obtained by a more 
accurate measuring of time and temperature 
and precise ON and OFF switching, elim- 
inating mechanical tolerances. The unit is 
built around a specially designed ‘single chip 
microcomputer’ and based on the most 
advanced technologies. 

It is available in kit-form and also as a built 
and tested unit. 

Velleman (U.K.) Limited, 

P.O. Box 30, 

St. Leonards-on-Sea, 

East Sussex TN37 7NL 

Telephone: 0424.753246 


(2507 M) 
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High-specification, low-cost test 
equipment 

Sifam Ltd of Torquay is now marketing a 
range of test instruments and accessories. 
Available now (all with one-year guaran- 
tee, prices exclusive of VAT) are: Hand- 
held 3%digit (1999) multimeter, model 
DMM2200B, priced at £ 43.43, offers 
21 ranges in five modes: DC & AC voltage and 
current, and resistance. Said to have a basic 
accuracy of 0.3 per cent (DCV), the instru- 
ment will operate continuously for 1000 hours 
from a standard 9V radio-type battery, and 
has overload protection, autozero and auto- 
polarity facilities as well as over-range and 
low-battery indications. 

Robustly constructed, two rotary switches 
provide clear and simple colour-coded selec- 
tion of measurement mode and range, and 
the read-out is by 12mm high LCD digits. 
It measures 165x110x43mm, _ weighs 
360 grammes with battery, and is supplied 
complete with test leads, spare fuse, battery 
and operators’ manual. 

3% digit (1999) bench multimeter, model 
DMM2500, priced at £66.04: 24 ranges in 
the same five DC/AC measurement modes, 
with the same order of accuracy and oper- 
ational features, but with push-button func- 
tion/range switching and 2000 hours battery 
life and circuit-breaker overload protec- 
tion. It has a built-in bench stand/handle 
and measures 155x120x 57mm, _ weighs 
383 grammes with battery. It is supplied with 
test leads, battery and manual. 

Digital logic probe, model DLP5O, compatible 
with DTL, TTL and CMOS standards, this 
too, says Sifam, offers exceptional value for 
money at £ 39.09. It has an input frequency 
range of DC to 50 MHz, a minimum detect- 


market 


able input pulse width of 10 nanosecs, high 
input impedance of 10 megohms, power range 
of 4.5 to 30V DC with input protection 
(including an audible warning) up to + 120 V 
DC or AC. Three-colour LEDs signal: high 
(green), 


(red), low open-circuit/bad level 


a 


wae 


(yellow) and pulse/memory (red). The audible 
alarm sounds if an input signal exceeds the 
operating voltage of the circuit under test, or 
when a voltage in excess of 30V DC is 
applied to the probe input, if the power lead 
is connected in reverse or with AC line. The 
probe is fitted with a 800mm long power 
lead, and has a consumption of 50 mA maxi- 
mum at 5V DC. Dimensions of the probe 
itself are 195x 26x 16mm and it weighs 
70 grammes. Supplied in a moulded carrying 
case, it comes complete with ground and IC 
clip leads and operating manual. 


REA publicity, 

6 St. James Square, 
Cheltenham, 
Gloucestershire GL50 3PR 


Telephone: 0242.514418 (2505 M) 


LCD modules 

A new range of dot matrix liquid crystal dis- 
play modules, is now available from Datac 
Limited. Compact in size and light in weight, 


CTT 


Epson EA series LCD modules are available 
with character formats ranging from 16 x 1 
line to 80 x 4 lines and a dot format of 
84 columns x 32 rows, 

Operating on a 5 V DC power supply, with a 
consumption of 0.6 to3ma, EA and EG 
LCDs have a high contrast display for easy 
readability. Backlighting can be provided. 

EA and EG series modules have a built-in 
Data RAM (80 Bytes) and character generator 
(160 ch based on ASCII code). The modules 
will operate at any temperature from 0 to 50°C 
and have a response time (turn on/turn off) of 
150 ms. The design life is 50,000 hours. 

Datac Limited, 

Tudor Road, 

Altrincham, 

Cheshire WA14 5TN. 

Telephone: 061.941.2361/2, 


(2521 M) 


20A relay 


Introduced as the Magnacraft Class 389, this 
new power relay features extremely high 
contact ratings for its size: it can be supplied 
in open style, which measures 2.1 in. long x 
1.45 in. wide x 1.28 in. high; or with a clear 
plastic flange-mount cover, measuring overall 
2.9 in. long x 1.5 in. wide x 1.4 in. high. Its 
base incorporates quick-connect/solder ter- 
minals. 


The most important feature of the Class 389 
is its power switching capability. The relay is 
available in single, double or triple throw 
contact configurations rated at 20A per pole. 
A further version, designated 389 DZ, features 
double break and double make contacts 
rated at 30A. 

Contact horsepower ratings range from 
% hp to 1% hp, according to contact configur- 
ation and the voltage of the motor to be 
controlled. Coil voltages range from 6 V a.c. 
to 277 V ac, or 6 V d.c. to 220 V dc. 
Diamond H Controls Ltd., 

Vulcan Road North, 

Norwich NR6 6AH. 

Telephone: 0603.45291/9. 


(2514 M) 
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PRODUCTS FOR ATARI* 400/800 
FROM ELCOMP. 


BOOKS: 


ATARI BASIC — Learning by using 
‘An excellent book for the beginner. Many short 
programs and learning exercises. All important 
features of the ATARI computers are described 
(screen drawings, special sounds, keys, paddles, joy- 
sticks, specialized screen routines, graphics, sound 
applications, peeks, pokes, and special stuff). Also 
suggestions are made that challenge you to change 
and write program routines. 

Order #164 


GAMES for the ATARI Computer 
This book describes advanced programming techniques 
like player-missile-graphics and use of the hardware- 
registers, Contains many ready to run programs in 
BASIC and one called GUNFIGHT in machine- 
Language. 

Order # 162 $7.95 


SOFTWARE IN BASIC FOR ATARI 


Invoice Writing for Small Business 
This program makes writing invoices easy. Store your 
products in DATA statements with order-number, 
description, and price. The program later retrives the 
description and price matching to the entered order- 
number, The shipping cost and the discount may be 
calculated automatically depending on the quantity 
ordered or entered manually. The description to the 
Program tells you how to change the program and 
adapt it to your own needs, Comes with a couple of 
invoice forms to write your first invoices on to it. 
Order #7201 cassette version $29.95 
Order #7200 disk version $39.95 
Mailing List 

This menu driven program allows the small business 
man to keep track of vendors and customers. You can 
search for a name or address of a certain town or for 
an address with a certain note. 50 addresses are put 
into one file. 
Order #7212 
Order #7213 


Inventory Control 

This program is menu driyen. It gives you the 
following options: read/store data, define items, 
entry editing, inventory maintenance (incoming: 
outgoing), reports. The products are stored with 
inventory number, manufacturer, reorder level, 
present level, code number, description. 

Order #7214 cassette version $19.95 
Order #7215 disk version $24.95 


Programs from Book #164 

The programs from book no. 164 on cassette. (Book 
included) 

Order #7100 $29.00 


Game Package 
Games on cassette. (Bomber, tennis, smart, cannon 
fodder, etc.) 

Order #7216 $9.95 


cassette version $19.95 
disk version $24.95 


ey Microcomputer Hardware 
Handbook (845 pages) 
Descriptions, pinouts and 
specifications of — the 
most popular micropro- 
cessors and support 
chips. 
‘A MUST for the hard- 
ware buff. 


foie 


Care and Feeding of the Commodore PET 
Eight chapters exploring PET hardware. Includes 
repair and interfacing information, Programming 
tricks and schematics. 

Order #150 $9.95 


Paymel check, money order, VISA, MASTER- 
CHARGE, Euroscheck. 

Orders from outside USA: add 15% shipping. CA 
residents add 6.5% tax 

“ATARI is a registered trademark of ATARI Inc. 
*VIC-20 is a registered trademark of Commodore 


SOFTWARE IN MACHINE LANGUAGE for ATARI 


ATMONA-1 
This is a machine language monitor that provides you 
with the most important commands for programming 
in machine-language. Disassemble, dump (hex and 
ASCII), change memory location, block transfer, fill 
memory block, save and load machine-language pro- 
grams, start programs, Printer option via three 
different interfaces, 
Order #7022 

Order #7023 

Order #7024 


ATMONA:2 
This is a tracer (debugger) that lets you explore the 
ATARI RAM/ROM area. You can stop at previously 
selected address, opcode, or operand, , Also very 
valuable in understanding the microprocessor. At 
each stop, all registers of the CPU may be changed. 
Includes ATMONA-1, 
Order #7049 

Order #7050 


ATMAS 
Macro-Assembler for ATARI-800/48k. One of the 
most powerful, editor assemblers on the market. 
Versatile editor with scrolling. Up to 17k of source- 
Code. Very fast, translates 5k source-code in about 5 
seconds. Source code can be saved on disk or cassette. 
(Includes ATMONA-1) 

Order #7099 
Order #7999 


ATAS 
Same as ATMAS but without macro-capability. 
Cassette-based. 
Order #7098 
Order #7998 


ATEXT-1 
This wordprocessor is an excellent buy for your 
money, It features screen oriented editing, scrolling, 
string search (@ven nested), left and right margin 
justification, Over 30 commands. Text can be saved 
on disk or cassette. 
Order #7210 
Order #7216 
Order #7217 


GUNFIGHT 

This game (8k machine-language) needs two joystieks. 
Animation and sqund. Two cowboys fight against 
each other. Comes on a boatable cassette. 

Order #7207 $19.95 


cassette version $19.95 
disk version $24.95 
cartridge version $59,00 


cassette version $49.95 
disk version $54.00 


disk version $89.00 
cartridge version $129.00 


32k RAM $49.95 
48k RAM $49.95 


cassette version $29.95 
disk version $34.95 
cartridge version $69.00 


ELCOMP FORTH for the ATARI 


ELCOMP FORTH js an extended Fig-Forth- 
version, Editor and 1/O package included. Utility 
package includes decompiler, sector copy, Hex: 
dump (ASCII}, ATARI Filehandling, total graphic 
and sound, joystickprogram and player missile. 
Extremly powerfull 

Order #7055 disk $39.95 


Floating point package for ELCOMP FORTH with 
trigonometric functions'(0 — 90°). 
Order #7230 disk $29.95 


Learn-FORTH from ELCOMP 

A subset of Fig-Forth for the beginner. Gn disk 
(32k RAM) or on cassette (16k RAM). 

Order #7053 


Expansion boards for the APPLE 1 


@ Custom Apple + Other 
A complete guide to customi: 
Apple Software und Hardware 
‘No, 680 $24.95 
We also stock the boards which are 
book {The Custom 


$39.00 
EPROM Burner No. 607 $49.00 
8K EPROM/RAM Board 

$29.00 


- $29.00 

Slot ropeater board for the Apple It . $49.00 
Order two boards and get the book free ! 

No, 6183 Learn FORTH for the Apple II 

No, 6154 Learn FORTH for the Apple II (0) $24.95 

No, 6155 ELCOMP FORTH for the Apple || (0) $39.96 
(Extended Fig-Forth, Editor, graphics package) 

No.6156 Floating point for ELCOMP FORTH __(D)_ $29.95 


(C) $19.95 


Books 
+ 
Software 
for 
ATARI 


Vvic-20 
ELCOMP Publishing Inc., Os! 
53 Redrock Lane 
Pomona CA 91766, SINCE AIR 
Phone: (714) 623-8314 ‘TIMEX 


Hardware — ADD-ONS for ATARI 


PRINTER INTERFACE 

This construction article comes with printed circuit 
board and software. You can use the EPSON printer 
without the ATARI printer interface. (Works with 
gameports 3 and 4). 

Order #7211 $19.95 
RS-232 Interface for your ATARI 400/800 

Software with connector and construction article. 
Order #7291 $19.95 


EPROM BURNER for ATARI 400/800 

Works with gameports. No additional power supply 
needed. Comes compl. assembled with software 
(2716, 2732, 2532). 

Order #7042 

EPROM BURNER for ATARI 400/800 KIT 
Printed circuit board incl, Software and extensive 
construction article. 

Order #7292 $49.00 


EPROM BOARD (CARTRIDGE) 
Holds two 4k EPROMs (2532). EPROMs not included. 
Order #7043 $29.95 


$179.00 


EPROM BOARD KIT 
Same as above but bare board only with description. 
Order #7224 $14.95 


ATARI, VIC-20, Sinclair, Timex and OSI 


New — for your ATARI 400/800 

Astrology and Biorythm for ATARI (cass. or disk), 
Order #4208 $29.95) 
Birth control with the ATARI (Knaus Ogino) 

Order #7222 cass. or disk $29.95] 


Books + Software for VIC-20 (requires 3k RAM Exp.) 
#4870 Wordprocessor for VIC-20, 8k RAM $19.95 
#4883 Mailing List for VIC-20, 16k RAM $14.95 
#141 Tricks for VICs-The VICstory Progr. 
#4880 TIC TAC VIC 
#4881 GAMEPACK | (3 Games) 
#4885 Dual Joystick Instruction 
INPUT/OUTPUT Programming with your VIC 
Order #4886 
#4896 Miniassembler for VIC-20 
#4881 Tennis, Squash, Break 
#4894 Runfill for VIC 
Universal Experimenter Board for the VIC-20 
(Save money with this great board). This board 
plugs right into the expansion slot of the VIC-20, 
The board contains a large prototyping area for your 
own circuit design and expansion. The construction 
article shows you how to build your own 3k RAM 
expander and ROM-board. 
Order #4844 $18.95 
Software for SINCLAIR ZX-81 and TIMEX 1000 
#2399 Machine Language Monitor 
#2398 Mailing List 
Programming in BASIC and machine language with 
the ZX-81 (82) or TIMEX 1000. 
Order #140 (book) 

Books for OSI 
#157 The First Book of Ohio 
#158 The Second Book of Ohio 
#159 THe Third Book of Ohio 
#160 The Fourth Book of Ohio 
#161 __The Fifth Book of Ohio 


#151 8K Microsoft BASIC Ref. Man. 
#152 Expansion Handbook for 6502 and 6802 
#153 Microcomputer Appl. Notes 


Complex Sound Generation 
New revised applications manual for the Texas 
Instruments SN 76477 Complex Sound Generator. 
#154 $6.95 
ss Programs Order #156 

ings for the business user. Inventory, 

Invoice Writing, Mailing List and: much more. Intro- 
‘duction to Business Applications. $14.90 
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33 
electronic games 


A selection of circuits which give 

as much enjoyment in building them 

as actually playing the games. The cir- 

cuits are fascinating although the elec- 

tronics involved are not complex and 

therefore anyone with a good soldering 

iron will find this book satisfying. These are 
electronic games that do not need a TV screen, 
and asa result can be played just about anywhere. 


elektor 


Elektor publishers Ltd. 
Elektor house 10 Longport 
Canterbury CT1 2BR 
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new books from elektor 


The book follows the theme, and is a continuation 
of our popular and very successful 300 circuits 
publication. It is composed of 301 assorted 
circuits ranging from the simple to the more 
complex designs described and explained 
in straightforward language. An_ ideal 
basis for constructional projects and a 
comprehensive source of ideas for 
anyone interested in electronics. In 
a nutshell something to please 
everybody. 


& . 30 circuits 
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CRICKLEWOOD-STOCKING PARTS OTHER STORES CANNOT REACH! 


x THE LAZY WAY Phone your order through on Access, Barclaycard, Visa or American Expres 


. "7 ™ for immediate service; no extra charge, no minimum order. 

Items not fully covered on this ist include: OPTO: , sled LEDs, Lamps, Lampholies, FUSES: 20 mm, f 

{Me inch, slow ey auick blow, Fusehoers, CONNECTORS: DIL-OIN. Phone, tmm, Binm: dare, BulpmUSALLEC KNOBS: ge THE TRADITIONAL WAY Send cheque, PO or credit card number. Cash not encouraged but 

Riot, “Aluminium, Anode, Cl, Poina. SWITEMES: Tol, Gnd, Hocker, Rotary, Ste, Dit, fush MEYERS: CO, ‘Accepted (no coins please). Allin stock items shipped same day, 

Ail'in stock items (thats 985) ported tame day. OFFICIAL ORDERS FROM SCHOOLS, GOVT. DEPTS EYG. WeLCoMe. % THE IDEAL WAY Call in and collect. We are on the main Edgware Rd (AS) just 1} miles from 

OvenseAs ONDENS WELCOME (cH s ADEGUATE POSTAGE] QUANTITY DISCOUNTS BY NEGOTIATION, Staples Corner and approx 3 miles from Marble Arch. 

‘CRICKLEWOOD ELECTRONICS LTD, 40 Cricklewood Broadway, London NW2 SET, Tal" Ot 4820161. Telex: 914977 VAT Please add VAT at the current rate to all orders except books. VAT not chargeable abroad 
POST, PACKING & INSURANCE Standard small order charge is 70p (more for heavier goods). 
Export orders minimum £1.50. 
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ALGONM SPECIAL OFFER 
ever MAINE ZO 


The Mini 20 is an ideal instrument for the constructor. 


This special offer is a wonderful opportunity to acquire an essential piece 
of test gear with a saving of nearly £10 on the normal retail price. 


The 28 ranges cover all likely requirements. Operation is straight-forward, 
just turn the selection switch to the required range position. 


RANGES 

d.c. V: 100 mV, 3 V, 10 V, 30 V, 100 V, 300 V, 600 V. 

a.c. V: 15 V,50 V, 150 V, 500 V, 1500 V. 

d.c. |: 50 uA, 600 LA, 6 mA, 60 mA, 600 mA. | £21 60 
a.c. I: 30 mA, 300 mA, 3 A. on 

Ohms: 2 kQ, 2 MQ, Supplied complete y 2 


Accuracy: 2%d.c. & resistance, 3% a.c. with case, leads and INCLUSIVE OF POST 
Dimensions: 105 x 130 x 40 mm instructions. PACKAGE-V.A.T. 


Goods despatched by return of post 
Movement protected by internal diode and fuse. 


For details of this and the many other exciting instru- A\ EGON 

ments in the Alcon range, including multimeters, Instruments Ltd. 
component measuring and electronic instruments 19 MULBERRY WALK - LONDON SW3 6DZ - TEL: 01-352 1897- 
please write or telephone: TELEX: 918867 


MOVING 


Mail to: 


ELEKTOR PUBLISHERS., ELEKTOR HOUSE, 
10 LONGPORT, CANTERBURY. CT1 1PE. 


e@ Please attach magazine label here, list new address 
below, and mail six to eight weeks before you move. 
If you are receiving duplicate copies of Elektor, 
please send both labels. Or if you have a question 
about your subscription attach label here and clip 
this form to your letter. 


Surname 
ig 


Initials 


L 
eet/Ave./| 


Town 


County/Province/State 


Post code/Zip/Area code 


| LU 


Country 
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© Built-in electronic siren drives 2 loud speakers 

© Provides exit and entrance delays together 
with fixed alarm time 

© Battery back-up with trickle charging facility 

© Operates with magnetic switches, u/sonic or 
LR. units 

© Anti-tamper and panic facility 


CA 1250 


This exciting new module offers all the possible 
features likely to be required when building an 
intruder alarm system. Whether used with only 1 or 
2 magnetic switches or in conjunction with several 
ultrasonic alarm modules or infra-red units, a really 
effective system can be constructed at a fraction of 
the cost of comparable ready-made units. Supplied 
with a fully explanatory Data Sheet that makes 
installation straight forward, the module 1s fully 
tested and guaranteed. 

*available in kit form £16.95 plus VAT. 


© Stabilised output voltage 

© 2 operating modes - full alarm/anti-tamper and 
panic facility 

© Screw connections for ease of installation 

© Separate relay contacts for switching external 
loads 

© Test loop facility 


DIGITAL VOLTMETER MODULE DVM 314 


Fully built & tested 


© Positive & negative voltage with an FSD of 
999mV which ts easily extended 


ULTRASONIC 
ALARM 


MODULE 
US 4012 


Fully built 


Adjustable range 
from 5ft. to 25ft. 


A really 

effective fully built 

module containing both 

ultrasonic transmitter and 

receiver and circuitry for providing 

false alarm suppression. This module, 
together with a suitable 12V power supply 
and relay unit as shown, forms an effective 


though inexpensive intruder alarm. Supplied with 


compri 


‘ehensive Data Sheet, it is easily mounted in a 


wide range of enclosures. A ready-drilled case and necessary 


hardware is available below. 


Power Supply & Relay 
Units PS 4012 £4.25 + vat 


Provides a stabilised 12V output and relay with 3A 
contacts. The unit is designed to operate one or two] 
of the above ultrasonic units. Fully built and tested. 


Hardware Kit 
HW 4012 £4.25. var 


A suitable ready-dnilled case with the various mount: 
ing pillars, mains switch socket and nuts and bolts. 
Designed to house the ultrasonic alarm module 
together with its power supply. 

Size) 153mm x 120mm x 45mm. 


RR & fesuires only single supply 7-12V 
Ss SON © ish overall accuracy «0.1% + 1 dion 


Siren Module 
SL 157 


£2.95 + vat 


os 


'@ Large bright 0.43" LED displays 


ACCESSORIES 


© Supplied with full applications data 
With this fully built and calibrated module a wide range of accurate equipment such as multmeters. 
thermometers, battery indicators etc. can be constructed ata fraction of the cost of ready-made units, Full 
details are supplied for extending the voltage range, measuring current, resistance and temperature. 
been supplied to electricity authorities, Government department 


Fully guaranteed, the unit ha 


Produces aloud and penetrating 


speakers to SPL of 11Odb at 2M. 


Temperature Measurement Kit DT.10 


Using the I.C. probe suppli 


accurate digital thermometer 


J, this kit provides a linear output of 10mV°C over the temperature range 
from 10°C to + 100°C. The unit 1s ideal for use in conjunction with the DVM module providing an 


£2.25 + vat 


Power Supply PS.209 


This fully built mains power supply provides two stat ola 


METERS cae ranse orerpes in stock, ov nrobensont sceserie ets 
PANEL MOUNTING in 60, 100, S00UA. 1, 5, 10,50, 100, S00mA; 1A either 


i= 


50x 45 mm 
| 


£2.68 


— 

a 
KAW: ACIDE! 
Jartreninr Tet 
inal sooge 


130 x B8 x 37mm, 145 x 96 x 45mm 
€11.20N £16,450 


SOLDERING IRONS 


Also large stocks of bits, desoldering devices, accessories ete, 
ANTEX C 240V £4.60N; X 25-240 £5,30N; CSBP £5.45; XSBP £5.56N 
ST4 Stand £1.70 

ORYX 50 watt temp. controlled £13,75N; Stand £4.00N 

SOLDER 5009m/18SWG £7,60N: Desolder braid 1.6m S4p 


DISCOUNTS ON ALL ITEMS EXCEPT PRICES MARKED N. 
Large SAE brings latest prices & items lists free. 


BOXES 


High quality Black ABS plostic or diecast plain or stove grey 
Low D ABS PLAIN STOVE GREY 


50 50 25 5001P 90p 6001 123p 
100 60 25 6p 5002P 117p 5002 154p 
113° 63° 31 109» 5003P 143p 6003 184p 
121 66 40 1146p SO004P 162p 5004 240p 
182 82 60 1234p SO05P 216p 5005 288p 
192 113. 61 2365p 5006P 314p 5006 268p 


YN36OTR ‘MM DD6ot 


New ~ 20KAVV 
AC/OGIRES/AB 
(in 23 ronges 


LCD 3% digit (1999) 
Push button 

26 ranges 

170 x 80 x 38mm. 
£32,00N 


2002 
2003 
2008 
2005 
2006 


VERO RANGE Plastic Boxes 
w D 
Sip 


83p 
151p 


a7 
50 
no 


25 
35 
55 


21024 
21390 
21391 


£7.28N 
140 £11.02N 
170 £14,96N 


VEROBOX CASES ABS, light grey top, dark grey bottom + 2 Ali, panels 
L . Ho TYPE PRICE 


205 140 21034 
205 140 21035 
208 = 140 21036 
180120 21037 
180120 21038 
180120 21039 
155 85 21040 
185 a5 21041 
165 85 21042 
125 65 21047 
125 65 21048 
125 65 21049 


90 44 
64 


a4 


21089 
21090 
21091 


£4.52 
£5.02 
£6.54 
£4.11 
£4.40 
£4.69 
£3.31 
£3.61 
£4.30 
£2.35 
£2.99 
£2.37 


J outputs of 9V, 250mA each. The unit 
is ideally suited for operating the DVM and Temperature Measurement module. 


£4.95 + var 


ELECTROVALU 


FOR SERVICE YOU CAN TRUST 


NICAD CHARGERS 


For PP3.NC75G £4.95N; For AAC or O-NC12I0 £8,20N 


iding tone operate 
ing from 9-15V. Capable of driving 2 off 8 ohm 


Contains an inhibit facility for use with shop lifting 
loops or other break to activate circuits, 


Add VAT & 50p post and packing 
to all orders. 
Shop hours 9.00 - 5.30 p.m. 
(Wed, 9.00 - 1,00 p.m.) 
Units on demonstration - callers 
welcome. S.A.E, with all 


enquiries. a 


SWITCHES 


Type CK-1P/12 way, 2P/6 way, 3°/4 way, 4P/3 way 48p; Min, Toggles ~ $7101 
‘SPOT 57p; $7201 DPOT BOp; $7301 IPOT £1.64; $7401 4POT £2.75; $7211 
1P3W £1.40; Centre off $7103 SPDT 71p; $7203 OPOT 96p; Push Button min, 
£8531 make/8533 break 62p; 8225 OPDT £1.34 

DUAL IN LINE ERG colour coded 0.3" x 0.1" format, On/Ott 
S082 64p;4P.SOS4 95p; GP SOS6-£1.38; BP SOSB £1.87; 
Low cost Dsl: 4P DNSO4 65p; DNSOB £1.00, 


le throw 2P 
10P SDSO £2.10 


60 large page catalogue 70p post free 
inc. 70p refund voucher 


CAPACITORS CL 


POLYSTYRENE, SIEMENS 
5, 7, 10, 12, 15, 18, 22, 27, 33 I9pF 18p; 47, $6, 68, 82, 100, 120, 160, 180, 220, 


5% Tolorance 160V 
1, 820pF, 1, 1n2, in6,"InB, 2n2, 2n7, 3n3, BMG, 47,105 


CERAMIC Very small 1.8, 2.2, 2.7 ote, up to tn Sp each, 
‘6n8, 5p; 10, 22n, 6p; 330, 47n, 7p; 100n, Bp. 


POLYESTER, SIEMENS LAYER TYPE 7.5mm lead spacing 100V 


15, 2n2, 3n3, 4n7, 


In, 1n6, 2n2, 3n3, 6p; 4n7, Gn8, 892, 10n, 12n, 160, 189, 22n 270, 33n, 390, 47n, 
7p: 86n, 680, 7p; 82n, 1009, 99: 1200," 160, 11p: 180n, 2200, 129: 2700, 330n, 390n, 
400, 1895600, 680n, 2p! 10mm spacing TUF 25p: Ben spacing 2u2 96p; 2.5mm 
‘pocing TUF 400V 0p: 33uF 1OOV'6Bp; In depth stocks, 


ELECTROLYTICS 

NON-potar (for LS X-overs) SOV peak 2UF 26p; 
25uF, 37p; 40, 6OUF, 59p; 100uF,, 69p. 
POLARISED SIEMENS or MULLARD FOR QUALITY (uF/V) 1/63, 2.2/63, 
4.7163, 6.8/40, 10/26, 22/10, 0p each; 10/40, 22/26, 47/10, 11p; 47/25, 12p 
100/10, 13p; 100/25, 100/40, 16p; 220/10, 220/16, 16p; 220/25, 18p; 220/40, 
20p: 470/10, 470/16, 470/25, 1000/10 19p; 470/40, 1000/16, 27p; 1000/25, 
38p; 1000/40, 2200/16, 44p; 1000/63, 75p; 2200/40,'4700/16, 73p: 

Pluggable SIEMENS single ended 

163, 2.2163, 4.7/63, 26p; 10/63, 22163, 22p; 22/40, 47/16, 10p: 47/40, 24p; 47/63, 
1Gpi' 160/16, 10/25, 129; 100/40, 15p;” 100/63, 209; 220/10, 220/16, 220/28, 13 
470/6,3, 18p; 470/10, 169; 470/16, 18p; 470/25, 22p; 470/40, 25p; "1000/10, 24p; 
1000/16, 239; 

Large Cans ~ SIEMENS 

2200/63, £1.77; 4700/40, £1.78: 4700/63, £2.96; 4700/100, £6.54; 10.000/16, £1.93; 
10/25, £2.78; 2200/16, £3.26; 2200/28, £4.73, 

TANTALUM 

01/36, 0.22/38, 0.47/36, 1/36, 2.2116, 13p each; 2.2/36, 
4.7138, 16116, 2316.3, 10/25, 1 

LOW LEAKAGE All single ended 


0.1/50, 0.22/60, 0.47/50, 4.7/36, 11p: 1/60, 2.2/60, 4.7/50, 11p exch; 10/16, 22/6, 11p: 
10/35,'22/10, 28/16, 22/35, 47/6, 47/10 12p: 47/16, 100/6, 11p. 


4uF, 28p; 6,8, 10, 16uF, 32p; 


285, 4.7116, 10163, 169: 
32/16, 22126, 33/10, 47/6.3, 10/3, 30p. 


NORMAL DESPATCHES WITHIN 24 HOURS 


‘SIEMENS LED Bar Driver UAA 180 £1.65 


3-position Key Switch for use with 
CA 1250, supplied with 2 keys 


Maynetic switch (with magnet) 


5" Horn speaker for use with SL 157 


£3.43 
£1.17 
£4.95 


RISCOMP LiMiTED 
Dept: EK 12 

21 Duke Street, 

Princes Risborough, Bucks. 


Princes Risborough (084 44) 6326 
Please allow 7 days for delivery 


SIEMENS 
Touch Switeh 1,,S5600 £2.14 


CMOS SUPER SAVERS (Prices wet) 


4000 40p 20p 4069 14p 
4001 10p 3p 4070 14p 
4002 12p 45p 4071 14p 
4006 60p 16p 4072 14p 
4007 4p 4081 14p 
4008 40p 4082 4p 
4009 40p 4093 20p 
4010 40p 4510 46p 
4011 46p 4511 46p 
4012 23p 4516 §3p 
4013 4025 4050 23p 4518 40p 
4014 4026 4060 45p 4520 60p 


Also full ranges of 74LS, 7400, CMOS etc at keenest 


prices, see price list. 
RESISTORS 


1/4, 113, 1/2, 3/4watt ~ al 2p each, 10 of one value 16p 
2% Mullard metal film 5.1 ohms ~ 300K 5p each, 10 of one value 40p, 
5% wire wound 3W or 7W, most E12 values 1.2ohms to BK2 9p each 10 for 70pN 


ALL MERCHANDISE BRAND NEW & GUARANTEED TO SPEC, 


POTENTIOMETERS 


Carbon Rotary (P20) 1000hms ~ 4N7 in, 2200hms ~ 2M2 109, 92p exch wawitch B7p 
ual gang (JP20) 4K7 — 1M2 lin, or fon. 9p w.switeh £1.50 


SLIDERS 
‘58mm, low cost 10K 1M log only 29p. Std. 88mm mono 4K7 
matched £1.25, Groduated bezels 34p each, 


PRESET 

Min, 10mm dia, Horiz. or Vert, 1000hm 5.—1M 13p, 

Preset Cermet rectitinesr type 89P 100ohm ~ 1M £1.06 each 
Preset Cermot 10mm dia. Horiz. or Vert, 1000hm — 1M 29p, 
Plessey MPW T moulded carbon 47ohns ~ 2M2 59p each, 


Ls] 
VAT additional at 15% on all UK orders 


FREE POSTAGE and packing on UK C.W.O. orders value £5.75 (ine. VAT) and 
upwards. Under £5.78 add 40p line, VAT) 


DISCOUNTS on orders over £23.00 ~ 5% 

£57.50 — 10% 
‘Not applicable to ‘Net’ items (shown by N after the price) or to orders paid 
for by credit card. 


PLEASE MENTION THIS JOURNAL WHEN WRITING, 
ORDERING etc. 


‘MAIL ORDERS TO HEAD OFFICE & SHOP AT EGHAM 


ELECTROVALUE LTD. 
28F St. Judes Road, Englefield Green, Egham, Surrey TW20 OHB 


Telephone Egham (STD 0784; London 87) 33603; Telex 264475 
Also in Manchester for personal shoppers at: 


680 Burnage Lane, Burnage, Manchester M19 1NA 
Telephone 061-432 4945 


Computing Shop:— 
700 Burnage Lane, Manchester Telephone 061-431 4866 


30p or FREE on request wath 1.C 


4015 
4016 
4017 
4018 
4019 
4020 
4021 
4022 
4023 
4024 


4027 
4028 
4029 
4030 
4041 

4042 
4043 
4043 
4046 
4049 


1M in, oF 109, 749 stereo 


CREDIT CARD ORDERS can be accepted via Mail Order 
or Telephone. Giro A/c no, 38/671/4002 
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JUNIOR COMPUTER BOOK 1 — for anyone wishing to become 
familiar with (micro)computers, this book gives the opportunity to build and 
program a personal computer at a very reasonable cost. 

Price —-UK 2.62... eee £5.00 Overseas... . 1 eee eee £5.25 


JUNIOR COMPUTER BOOK 2 - follows in a logical continuation 
of Book 1, and contains a detailed appraisal of the software. Three major pro- 
gramming tools, the monitor, an assembler and an editor, are discussed to- 
gether with practical proposals for input and peripherals. 

Price -UK 2. ...-2 00 £5.25 Overseas... . 2. eee eee £5.50 


JUNIOR COMPUTER BOOK 3 — the next, transforming the basic, 


single-board Junior Computer into a complete personal computer system. 
Price = UK s.¢.amtensyai a 0 £5.25 Overseas... . eee eee £5.50 


BOOK 4 £5.25/£5.50 
300 Cl RCUITS for the home constructor — 300 projects ranging from 


the basic to the very sophisticated. 
Price —UK .. cece eee £4,256 Overseas... eee eens £4.50 


\ 
iser 


Srojects m1 vokime 1 (1975) 
BEFIEKTOR manareve 


DIGIBOOK — provides a simple step-by-step introduction to the basic 
theory and application of digital electronics and gives clear explanations of 
the fundamentals of digital circuitry, backed up by experiments designed to 
reinforce this newly acquired knowledge. Supplied with an experimenter’s 
PCB. 

Price —UK 2... ere nee £5.50 Overseas... . ee eee £5.75 


FORMANT — complete constructional details of the Elektor Formant 
Synthesiser — comes with a FREE cassette of sounds that the Formant is 
capable of producing together with advice on how to achieve them. 

Price-—UK 2. cece eee £5.25 Overseas... . cesses ene £5.50 


SC/MPUTER (1 ) — describes how to build and operate your own micro- 


processor system — the first book of a series — further books will show how. 


the system may be extended to meet various requirements, 
Price—UK .... 0. eee £4.45 Overseas... .. 1. eee ee £4.70 


SC/MPUTER (2) — the second book in series. An updated version of the 
monitor program (Elbug I!) is introduced together with a number of expansion 
possibilities. By adding the Elekterminal. to the system described in Book 1 the 
microcomputer becomes even more versatile. 

Price -—UK .......-058 £4.75 Overseas. 6... ee eee £5.00 


\ 


ELEKTOR 
BOOK 
SERVICE 


mpute! mess . 27" 


build yc 
microprocessor 


BANISH tne 
fv Leg 


1) 


Elehtov out 


BOOK 75 — aselection of some of the most interesting 
and popular construction projects that were originally 
published in Elektor issue 1 to 8. 


Price—UK ..... £4.25 Overseas. ....,. £4.50 


TV GAMES COMPUTER this book, provides a 
different — and, in many ways, easier — approach to 
microprocessors. The TV games computer is dedicated to 
one specific task, as the name suggests. This provides an 
almost unique opportunity to have fun while learning! 
Price—UK ..... £5.50 Overseas. ..... £5.7) 


When ordering please use the Elektor Reader’s Order Card 
in this issue (the above prices include p. & p.) 


{ihe practical introduc! the practical intoductt 300 
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OUT : AT YOUR NEWSAGENT 
7 Wor, < j 
Manic &, eee 


: 4 


AUTUMN ’82 WR&E 
@ MORE PAGES 
PORE COMPEBENTS » =] ~ SEMICONDUCTORS 


@ MORE TOOLS es Be 
- > @ MORE INFO 


@ MORE TEST GEAR 
V%) om “ @ MORE INNOVATION 
@ MORE DISCOUNT 4 : WITH A TELEPHONE 
VOUCHERS (3x£1) , . | ACCESSIBLE COMPUTER 
4 ORDERING FACILITY 
@ MORE BOOKS ; . 


Now 128 pages of 
components, modules, sub 
assemblies from the leading 
exponent of components. 


The first electronic comic-book 
RESS . ERIE? 
BANISH tHe 


sa Droste aS 
iors, PPP eo cy 


/ 


Excitement, entertainment, circuits. 
Complete with printed circuit board and Resimeter. 


Further adventures and circuits coming soon — 
starring Resi & Transi, of course! 


Elektor Publishers Ltd., Elektor House, 10 Longport, 
Canterbury CT1 1PE, Kent, U.K. 
Tel.: Canterbury (0227) 54430. Telex: 965504. 


Office hours: 8.30 - 12.30 and 13.30 - 16.30. 
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Up-to-date electronics 
for lab and leisure 


If you experienced difficulty in obtaining this 
magazine take this form along to your 
newsagent and ask him to reserve a copy for 
you each month. 

To the newsagent: 

If you experienced difficulty in fulfilling our 
customers order, contact our distributors: 
Seymour Press, 334 Brixton Road, 

London SW9 7AG. 


Surname 


Initials 


Street/Ave./ 


Town 


= 5 
County/Province/State 


Post code/Zip/Area code 


DOUGLAS 
ELECTRONIC 
COMPONENTS 


OUR STAFF CANNOT RESIST TO 


ANTEX Soldering ee & Accessories 
Books Bulbs Buzzers Capacitors 
Chokes Circuit Etchant Components 
Diodes EtchingTransfers Fuses 

Heat Sinks 1.C’s (CMOS,TTL, Linear) 
Knobs wr: Multimeters Presets 
Project Boxes Resistors 

‘ Relays Potentiometers 
C ~ Solder Switches 
CIR Technicians Tools 


Thyristors Veroboard 


} Amplifiers Tuners 
\) Decks Cartridges & Styli 
~\ GARRARD Spares 


Headphones 


eoeniets Cable 


Microphones 
Sound to Light 
Audio Plugs & Sockets ‘ 
Aerials(T.V.and FM) 
MAINS and AUDIO 
LEADS (Ifnot in stock, { > 
made to order) ee 
etc etc etc!! 
as 
SEND S.A.E. FOR feos) 
ae and Bacevierd 
& PRICE LISTS Welcome 
90 Wellington Street, 


Stockport, Cheshire. SKI 3AQ 
Tel:061-4808971 
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D.R. & JI.G. TAYLOR 


24 Beckenshaw Gardens, Woodmansterne, Banstead, Surrey SM7 3NB, Tel. 073 73 54474 


PROJECTS v7 
Talking Board TMS 5100 e 7300 THE ELEKTOR 


Softy 2 £194.35 


Mini Organ 82020 £3550 METAL DETECTOR 


loniser 9283 £ 15.00 

loniser Case £ 8.00 Kit no. 82021. An advanced metal detector 
Humidity Sensor 81567 £ 15.00 available in kit form to the home construc- 
Pest Pester 80130 £ 6.00 tor. Professional quality ABS vacuum 
Metal Detector Kit formed case, complete with 10’ ready set 


(Complete) 82021 £119.60 up and foamed search head. This kit can be 
‘onstructed easily in a few hours. High per- 
Casework only 82021A £ 86.00 formance specification includes phase locked 4 
Meter MD1 £ 6.40 loop oscillator and discriminator circuitry 
Head only 82021B £ 28.75 giving four reject modes with ground 
Head & Pole Set 82021C £ 41,32 Sfectelimination. j 


T.V. Games Extended 81143 £ 60.79 
Disco Ceiling Lights 81012 £ 80.90 
Disco Light Controller 81155 £ 19.83 
LCD Frequency Counter 82026 £ 49.50 


Elektor, Boards, Books, & Software 
Test Equipment — send s.a.e. for details. 


Other Elektor Kits stocked, write or phone to check availability. 
N.B. Power supplies & Cases not normally supplied with kits. 
All above prices include VAT, Postage and Packing. 


ZX Spectrum Program ‘Specman’ £ 4.00 40p for reprint of Elektor Projects 
ZX 81 Programs. ‘Gobla’ £ 3.00 35p for 82021 Circuit Modifications only 


‘Rally’ £ 3.00 Allow 28 days for delivery. 
Hours of Business Mon. - Frid. 9.30 to 5.30 
For your 2X Spectrum. Amplifier/Speaker Payment with order, cheque/P.O. only to 
Standard Mike-Ear outputs, no unplugging £ 14.95 D.R. & J.G. Taylor No 2 Business A/C 


READERS | 
CLASSIFIED 
ADS 


We invite our readers to in- 
sert advertisements into 
our ‘Classified Section’. 


/f you have something to 
sell, exchange, or buy, fill 
in this form and send it to 
us with your remittance. 


The rate (prepaid) is 20p 
per word. Minimum charge 
is £2.40 (12 words). Please 
read Conditions of Accept- 
ance on Classified ads page. 


When completing the form 
use CAPITAL LETTERS, 
one word per box. Your 
advertisement must include 
your address or telephone 
number. Please also add 
your name and full address 
below. 
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RE WHO AND WHERE 


AREA 1 


CASEY BROTHERS 
Palladium House 
Boundary Road 

St. Helens 
Merseyside WA10 2LL 
Tel. 0744 27873 
DOUGLAS 

90 Wellington Street 
Stockport 

Cheshire SK1 3AO0 
Tel. 061 480 8971 


D.I.M.E.S. ELECTRONICS 
Hobby Shop 

1/3 Ellis Street 

Peterhead 

Grampian AB4 6JR 

Tel. 0779 77515 


ELECTRONIC ASSEMBLY 
SERVICES 

Bright Street Works 

Bury, Lancs. BL9 6AQ 

Tel. 061 764 7634 


ELECTRO SUPPLIES 
6A Todd Street 
Manchester 

Tel. 061 834 1185 


ELECTROVALUE LTD. 
680 Burnage Lane 
Manchester M19 1NA 
Tel. 061 432 4945. 


A. MARSHALL (London) LTD. 
85 West Regent Street 

Glasgow G2 20D 

Tel. 041 332 4133 


PROGRESSIVE RADIO 
93 Dale Street 

Liverpool L2 2JD 

Tel. 051 236 0982 


SHUDEHILL SUPPLY CO. LTD 
53 Shudehill 

Manchester M4 4AW 

Tal. 061 834 1449 


SPECTRON ELECTRONICS 
MANCHESTER LTD. 

7 Oldfield Road 

Salford 

Greater Manchester 

Tel. 061 834 4583 


AREA 2 


CARDIGAN ELECTRONICS 
Chancery Lane 

Cardigan 

Dyfed 

Tel. 0239 4483 


CRYSTAL ELECTRONICS 
209 Union Street 

Torquay, Devon 

Tel. Torquay 22699 


DURRANT RADIO 
(COMPONENT SERVICE) 
9 St. Mary’s Street 
Shrewsbury, Shropshire 
Tel. 61239 


L.F. HANNEY 

77 Lower Bristol Road 
Bath BA2 3BS, Avon 
Tel. 0225 24811 


LIGHTNING ELECTRONIC 
COMPONENTS 

18 Victoria Road 

Tamworth 

Staffs B79 7HR 

Tel. 0827 


MONOLITH ELECTRONICS 
co. LTD. 

5/7 Church Street 

Crewkerne 

Somerset 

Tel. 0460 74321 


P.A.T.H. ELECTRONIC 
SERVICES 

369 Alum Rock Road 
Birmingham B8 3DR 
Tel, 021 327 2339 


RAMAR ELECTRONIC 
SERVICES LTD. 

Masons Road 
Stratford-on-Avon CV37 9NF 
Tel. 4879 


STEVE'S ELECTRONICS 
SUPPLY COMPANY 

45 Castle Arcade 

Cardiff CF1 2BU 

Tel. 0222 41905 


STERLING ELECTRONICS 
20 Edward Street 
Birmingham B1 2RX 

Tel. 021 236 5036 


AREA 3 


AMBIT INTERNATIONAL 
200 North Service Road 
Brentwood 

Essex 

Tel. 0277 230909 

Telex 995194 Ambit G 


AUDIO ELECTRONICS 
301 Edgware Road 
London W2 1BN 

Tel. 01 724 3564 


BASIC ELECTRONICS LTD. 
18 Epsom Road 

Guildford 

Surrey GU1 3JN 

Tel. 0483 39984 


BEST ELECTRONICS 
(SLOUGH) LTD. 

24 Crown Road 
Marlow SL7 20G 

Tel. 0628 74545 


BI-PAK SEMICONDUCTORS 
3 Baldock Street 

Ware, Herts 

Tel. 0920 61593 

CAVERN ELECTRONICS 
94 Stratford Road 

Wolverton 

Milton Keynes 

Tel. Milton Keynes 314925 


CHARLES TOWN 
89 Carrington Street 
Nottingham 

Tel. 868933 & 55489 


CRICKLEWOOD 
ELECTRONICS LTD. 

40/42 Cricklewood Broadway 
London NW2 3ET 

Tel. 01 4520161 


C.T.S. LTD. 

20 Chatham Street 
Ramsgate 

Kent CT11 7PP 
Tel. Thanet 54072 


ELECTROVALUE LTD. 
28 St. Judes Road 
Englefield Green 

Egham 

Surrey TW20 OHB 

Tel, Egham 33603 


ELEY ELECTRONICS 
100/104 Beatrice Road 
Leicester 

Tel, 871522 


J.T. FILMER 

82 Dartford Road 
Dartford 

Kent DA1 3ER 
Tel. 0322 24057 


FOREWAY SERVICES 
19 Old High Street 
Headington 

Oxford 

Tel, 0865 


FRANK MOZER LTD. 
5 Angel Corner Parade 
Edmonton 

London N18 

Tel. 01 807 2784 


G.B. GARLAND BROS. LTD. 
Chesham House 

Deptford Broadway 

London SE8 4Q0N 

Tel. 01 692 4412 


HARRINGTON COLORVISION 
9 Queen Street 

Colchester 

Essex 

Tel. Colchester 47503 


HENRY’S RADIO 
404 Edgware Road 
London W2 

Tel. 01 723 5095 


KAYS ELECTRONICS 
195 Sheffield Road 
Chesterfield 

Derbyshire 

Tel. 0246 31696 


MAPLIN ELECTRONIC 
SUPPLIES LTD. 

P.O. Box 3 

Rayleigh 

Essex SS6 8LR 

Tel. 0702 552911 


Shops at: 

159-161 King Street 
Hammersmith 
London W6 

Tel. 01 748 0926 


and 

284 London Road 
Westcliff-on-Sea 
Essex 

Tel. 0702 554000 


BRADLEY MARSHALL LTD. 
325 Edgware Road 

London W2 

Tel. 01 7234242 


MAYDALE ELECTRONIC 
SERVICES 

2 Wellesley Parade 
Godstone Road 
Whyteleafe 

Surrey CR3 OBL 

Tel. 08832 5169 


THE MODERN BOOK CO. 
19-21 Praed Street 
London W2 1NP 

Tel. 01 402 9176 

(Elektor books only) 


NOBLE ELECTRONICS 
85A - 87B George Street 
Altrincham 

Cheshire WA14 1RN 
Tel.: 061 4510/4757 


PHONOSONICS 
22 High Street 
Sidcup 

Kent DA14 GEH 
Tel. 01 302 6184 


T. POWELL 
Advance Works 
44 Wallace Road 
London N1 

Tel. 01 226 1489 


QC TRADING 

21 Green Lanes 
Palmers Green 
London N13 4TT 
Tel, 01 889 7593 


BRIAN J. REED 
161 St. John’s Hill 
Battersea 

London SW11 
Tel. 01 223 5016 


SERVIO RADIO LTD. 
156 Merton Road 
South Wimbledon 
London SW19 1EG 
Tel. 01 5426525 


TECHNOMATIC LTD. 
17 Burnley Road 
London NW10 1ED 
Tel. 01 452 1500 
Telex 922800 


THAMES VALLEY 
ELECTRONICS 

24 High Street 
Burnham 

Bucks, SL1 7JH 
Tel.: 06286 65882 


TK ELECTRONICS 
11 Boston Road 
London W7 3SJ 
Tel. 01 5799794 


BICC-VERO 
ELECTRONICS LTD. 
Retail Dept. 

Industrial Estate 

Chandlers Ford 

Hants. SO5 3ZR 

Tel. Chandlers Ford 62829. 


A DIRECTORY OF ELECTRONIC COMPONENT SUPPLIERS TO ELEKTOR READERS 
IF THERE IS A COMPONENT SHOP IN YOUR AREA NOT LISTED ABOVE PLEASE LET US KNOW 
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AREA 4 


CHIP ELECTRONIC SERVICES 
37 Great William O'Brien Street 
Cork 

Ireland 

Tel. 021 502428 


WM. B. PEAT & CO. LTD. 
25/26 Parnel Street 
Dublin 

Ireland 

Tel. 749973/4 


ELECTRONIC CENTRE 
16 College Square East 
Belfast BT1 6DE 

Tel.: Belfast 27357 


ELECTRONIC WORLD — 
LIMERICK 

Parnell Street 

Limerick 

Ireland 

Tel. 061 41233 


NEWBURN ELECTRONICS 
58 Manse Road 

Ballycarry 

Carrickfergus 

Co, Antrim 

Tel. 09603 78330 


INTERNATIONAL 
Australia 


FRANK MATHIAS 

715 George Street 

(opp. Rawson Place) 

Sydney 2000 

Australia 

Tel, 211 - 5003 

(Elektor magazine, back issues and books 
only are available) 


BELGIUM 


VADELEC ELECTRONICS 
24-26 Avenue de |‘Heleport 
1000 Bruxelles 

Tel. 02 2182640 

Telex 26061 


DENMARK 


BN ELEKTRONIK 
Haraldsgade 69 

DK 2100 K¢benhavn 
Tel. 01 18 20 02 
Telex 27255 bnelco dk 


BN ELEKTRONIK 
Lyngby Hovedgade 9a 
DK 2800 Lyngby 
Tel. 02 88 1900 


DANSK MINI RADIO 
Nr. Farimagsgade 
5759 

1364 Copenhagen K 


HOBBY ELECTRONICS 
37 Nedergade 
5000 Odense 


FREDERIKSHAVE HOBBY 
ELEKTRONIK 

9 Havnegade 

900 Frederikshavn 


WK ELECTRONIC 
6 Skoletorvet 
8600 Silkeborg 


HOLTE ELEKTRONIK 
Holte Midpunkt 
2840 Holte 


LILLIE ELEKTRONIK 
89 Sondergade 
6500 Vojens 


AAGE NIELSENS EFTF 
1 Sortedam Dosseringen 
2200 Copenhagen 

Tel. 01393010 

Telex 27590 AANIL 


ROTEC 
16 Jernbanegade 
4800 Nykobing Falster 


FINLAND 


AMERTRONICS OY 
Vesijarvenkatu 33 
SF - 15140 Lahti 14 
Finland 


BEBEK ELECTRONIC KY 
Rautatienkatu 16 

SF - 15110 Lahti 11 

Tel. 918 - 40666 


BEBEK ELECTRONIC 
Pui Jonkatu 26 - 28 
SF - 70100 Kuopio 10 
Tel. 971 - 117667 


ICELAND 


SAMEIND HF 
PO Box 7150 
Grettisgata 46 
127 Reykjavik 
Iceland 

Tel. 91 - 21366 


INDIA 


PRECIOUS ELECTRONICS 
CORPORATION 

3 Chunam Lane 

Dadasaheb Bhadkamker Marg 
Bombay 400 007 

Tel. 367459/369478 

also at 

9 Athipattan Street 

Mount Road 

Madras 600 002 

Tel. 842718 


RADIO & CRAFT 
PUBLICATIONS 

376 Lajpat Rai Market 
Delhi - 110006 

Tel, 237147/269548 


INDONESIA 


INEL CO, 

Jin. Aceh No. 61 
Bandung 

Indonesia 

P.O, Box 398 

Tel. Bandung 59544 


ISRAEL 


ZUR ELECTRONIC 
CENTER LTD. 

1 Hagidem Streer 
Menora Square 
Jerusalem 


> WHO AND W 


DIFFUSION DU LIVRE 
FRANCAIS LTD. 

Boite Postale 3172 

35 Rue Rashi 

Tel. Aviv 

Tel. 289075 


"YAIR" 
1, Hahashmal St. 
P.O, Box 1941 

Tel Aviv 61019 

Tel. 624057/624398 


JORDAN 


GENERAL ELECTRONICS 
CORP. 

United Insurance Building 
King Hussein Street 

P.O. Box 182099 

Amman 

Tel, 24347 

Telex 21262 NADERC - JO 
Cable NADERCO Amman 


NEW ZEALAND 


WAIKATO V.H.F. GROUP INC. 


P.O. Box 606 
Hamilton 


NORWAY 


BLEKEN ELEKTRONIKK A/S 
Raadyrveien 32B 

N-3160 Stokke 

Tel. 033-36162 


OSLO HOBBYSENTER A/S 
Herslebsgt. 14-15 

Oslo 5 

Tel. 02 679050 


SCANELCO A/S 
P.O. Box 53 
N-5047 Stend 
Tel. 05 276885 


PORTUGAL 


TABACARIA BRITANICA 
Praca do Duque da 
Terceira, 19 

1107 Lisboa Codex 

Tel. 324752 


SINGAPORE 


DEVICE ELECTRONICS 
(PTE) LTD. 

104 - 1st Floor 

Singapore Electrical and 
Electronics Hardware Centre 
Maude Rd./Kitchener Rd. 
Singapore 0820 

Tel. 2986455 

Telex. No, 33250 


S. AFRICA 


PHILTRON PTY. LTD. 
P.O. Box 2749 
Pretoria 0001 


SWEDEN 


COILTRONIC 

Box 38 

183 21 Taby 

Tel. 08 768 32 61 
Telex 15326 Elektet 


DATA SELECT ELECTRONICS 
Box 146 

S- 183 22 Taby 

Tel, 46 762 51416 


INKO’X AB 
Box 1057 
721 27 Vasteras 


JOSTY KIT, AB 
Box 3134 
200 22 Malm6 3 


KITEL DISTRIBUTION 
Box 6047 
S-162 06 Vallingby 


MICRO KIT 

Box 8060 

S-720 08 Veasteraas 
Tel. 021 117079 


TURKEY 


ABC KITABEVI 
Tunel Meydani 1 
Beyoglu 
Istanbul 

Tel. 442581 


A DIRECTORY OF ELECTRONIC COMPONENT SUPPLIERS TO ELEKTOR READERS 
IF THERE IS A COMPONENT SHOP IN YOUR AREA NOT LISTED ABOVE PLEASE LET US KNOW 
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Many Elektor circuits are accompanied by designs for £42: OCTOBER 1978 E69: JANUARY 1981 
printed circuits. For those who do not feel inclined to resonance filter module 9951 4.45 10.50 disco ceiling lights 81012 8.70 —- 20.60 
etch their own printed circuit boards, for their own VHF/UHF modulator 9967 1.55 4— big VU meter 
use only, a number of these designs are available as low voltage board 81085-1 2,30 5.50 
ready etched and pre-drilled boards. Delivery time is E43: NOVEMBER 1978 main board 81085-2 2.45 6.— 
approximately three weeks, U.K./air mail. ASCII keyboard 9965 770 1850 
£44: DECEMBER 1978 Voleed /unvolced detector 
elekterminal 9966 750 18.— detector board 810271 340 8— 
Example: Ea rneniaeys switch board 810272 405 9.50 
digisplay (E13) 9376 3.25 7.25 TV games computer: 
1 2 3 4 6 UHF/VHF modulator E71: MARCH 1981 
(see E42, October 1978) 9967 1.55 4—  MWreceiver 81111 195 4.50 
ab iGieuletitie main board and multiple sound effects 
2. reference to associated article(s) documentation 79073 19.95 47.60 peneresor BUnTg, 208: Si 
Shboaraiaunbar power supply 79073-1 2.45 6.— — High Com: 
U.K: Reveontd Pie Revit qa0rere 3.65 8.50 qooneiert modules 
4, price (in £) inclusive of 15% VAT ‘omplete set of four boards built and tested) + 
UlsvA\and Canadat (9967, 30073, 79073-1, 1 main board + 
5. price in $, not including tax (if any) 22), documentation solf-adhasive 
and one ESS software front panel 81117-1 35.70 85.— 
record (ESS 006): 26.25 62,50 power supply 81117-2205 = 
: UAA LED voltmeter 
, E49: MAY 1979 (2 boards) 9817 2.70 6.50 
ee acer Interface for uPs 79101 1.40 3.50 peak programme meter 9860 2.— B= 
interface (E25) 9721-1 3.36 8— 
E50: JUNE 1979 E72: APRIL 1981 
£29: SEPTEMBER 1977 stereo decoder 79082 2.40 5,50 _ transistor match-maker 81123—1.75 4— 
formant (E25, £26): intelekt 81124 665 13.50 
interface receiver 9721-2 1.40 3.50 E53: SEPTEMBER 1979 universal power supply 81128 2.45 6— 
power supply 9721-3 550  13.— parametric equaliser, 
keyboard divider filter section 9897-1 1.65 4— F 
(one octave) 9721-4 1.30 3— tone control section 9897-2 1.65 4— rata 
E31: NOVEMBER 1977 E55: NOVEMBER 1979 Lape 310332 a8 “350 
formant (E25... £30): topamp 80023. «1.45 3.50 adaptor board 81033-3130 3.— 
9723-1 9,90 23.60 storage scope 81141 380 9.— 
experimenting with the SC/MP: E56: DECEMBER 1979 scrambler 81142 225 5.50 
RAM-I/0 9846-1 6,90 1650 SEWAR 80009 2.85 lw ; : 
SC/MP board 9846-2 2.60 6.— _ steam train 80019 1.90 450 
75/76: SUMMER CIRCUITS 1981 
E32: DECEMBER 1977 E57: JANUARY 1980 continuity tester 81151 1.26 
formant (E25... 31): digital tuning scale speed controller 81506 1.75 
Vcr 9724-1 4.35 10.50 (two boards) 80021-1/2 7.05 17.— loudspeaker peak 
experimenting with the new bus board (E33) 80024 585 14.— indicator 81515 1.50 
SC/MP (E31): CPU 9851a 12.90 31.— talk funny (E56) 80054 155 350 random number generator 81523 2.40 
wa: JANGARY'IO78 ‘hii’ siren ai 526 1.95 
E33: AR’ ; crystal tuning fork 15: 1.70 
simple function generator 9453 3.25 ROR FEBRUARY 1980 humidity sensor 81567 1.60 
formant (E25... £32): elektervacoder : : hi-fi preamplifier 81570 4.35 
ADSR 9725-1 4,20. 10,— busbosra’t 0068-1 input buffers for the 
UAA 180 LED voltmeter busiboard 2 0068.2 9:90 23.60 logic analyser 81577 5.— 
(two bosrds) 9817 2.70 6.60 filter board 80068-3345 8.— 
a input/output board —- 80068-4. 3,207.50 
busboard (E57) 9887 4.— 960  —‘ “UPPly board SOOGR EY <2Re E77 J GEETEMBER OF 
memerycatd a E59: MARCH 1980 extension board 81143 19 45, 
£34: FEBRUARY 1978 chorosynth 80060 22.15 53.— ~— disco light controller 81155 3.20 7.50 
5 DFM + DVM 81156 4.25 10.— 
formant (E25... £33): E60: APRIL 1980 i 
DUAL-VCA 9726-1 435 10.50 Roe ce MIE aAs . 7OKGD ae revolution counter 81171 4.90 11,50 
experimenting with the Periteee ienith s0084 ‘ 50 digital barometer 81173 3.50 8,50 
SC/MP (E31... £33): ransistor ignition 3.90 9.50 
HEX-1/0 9893 18,20 43.50 
E61: MAY 1980 E78; OCTOBER 1981 
E35: MARCH 1978 BASIC cassette interface 80050 5.60 13.50 F-test generator 81150 1.60 3.80 
formant (E25... £34): PWM amplifier 80085 150 3.50 _—_ economical fridge 
LFO module 9727-1 450 11,— Junior computer: defroster 81158 1.80 438 
noise module 9728-1 4— 9.50 main board 80089-1 12.60 EPROM programmer 81594 1.45 3.50 
4k RAM card 9885 14.70 35.— display board g0089-2 1.30 wide range dark room 
supply board 800893 3.— timer 82004 2.25 5.50 
£36: APRIL 1978 shutter speed meter 82005 3.76 9— 
formant (E25... E35): E62: JUNE 1980 LCD panel meter 82011 1.65 4— 
COM 9729-1 4— 9.50 pest pester 80130 1.10 250 universal LED display 82015 1.60 4— 
elektornado 9874 3.55 8.50 
cassette interface 9905 3.— he £63/64: SUMMER CIRCUITS 1980 
STAMP amplifier 80543 1.40 350  &79: NOVEMBER 1981 
£38: JUNE 1978 PROM programmer 80556 3.85 I— teletext 
mini-counter 9927 3.15 7.50 decoder board 82001-2 5.35 12.50 
keyboard section 820013 3.15 7.50 
£39/40: SUMMER CIRCUITS 1978 E65: SEPTEMBER 1980 sine-wave oscillator 82006 2.10 5.— 
touch dimmer 78065 1.30 3.— 8K RAM+EPROMcard 80120 13.15 31.50 _ telephone amplifier 82009 1.55 3.50 
preconsonant 9954 2.25 5.50 power supply 9968-54 1.40 3.50 
E67: NOVEMBER 1980 mini organ 82020 3.50 850 
£41: SEPTEMBER 1978 central heating pump metal detector 82021 565 13,60 
formant control 81019 2.55  6.— LCD frequency counter 82026 = 2.— 5.— 
24 dB VCF 9953-1 4.10 10— fridge alarm 81024 1.45 3.50 _ high boost 82029 1.85 4.50 


ORDERING INFORMATION Payment must be in advance. 


1. For UK and all countries except the USA: payment, incl. £ 0.50 postage and packing direct to Elektor Publishers Ltd., or via bank transfer 
to The Midland Bank Ltd., Canterbury, A/C no. 11014587, sorting code 40-16-11. 
2. For the USA only: Please make your cheque/money order payable to Elektor Publishers Ltd., Bank of America, c/o File No. 1504, 
1000 W. Temple, Los Angeles, Cal. 90074, A/C no. 12350-04207. Prices include post & packing, surface mail. If air mail, please add $ 1.50. 
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E80; DECEMBER 1981 mini EPROM card 82093 
70cm transverter (Oct.) 80133 12,50 30.— TV sound interface 82094 
teletext 
receiver board 82001-1 4.10 10— £85: MAY 1982 
video control board  82001-4  4.25 = 10— 6502 housekeeper 
VHF-UHF converter main board 81170-1 
PROM g2019 «1554 laktor eee” 32018 
A — elektor artist 
synthesiser VCO 82027 440 1050  280-ACPU card 82105 
flashing light 82038 160  4— _ polyformant: 
capacitance meter debounce unit 82106 
module 82000 2— input unit 32107 
tune shift 8210 
E81: JANUARY 1982 prop-tachometer 82116 
EPROM programmer 82010 4.65 11.— 
synthesiser VCF +VCA 82031 4.25 = 10,—_—— E86: JUNE 1982 
frequency multiplier 82041 2.05 5.— the ‘Poly bus’ 82110 
talking clock 82121 
£82: FEBRUARY 1982 compacesportwaye ani32 
Hs receiver 
avnieaiar nest pee es fluorescent tube dimmer 82128 
s\ . th 
10W/70 em amplifier 82043 8—  Srectronie dos whistle 89133 
teletext power supply 82065 3.50 electronic fluorescent 
talking board interface 82068 4— fight starter 82138 
darkroom thermostat 82069 5.— 
universal NiCad charger 82070 5 
E87/88: SUMMER CIRCUITS 1982 
polyformant: ro 
E83: MARCH 1982 output unit i 
wind sound generator 82066 —*1,60 4— D/Aconverter 82112 
automatic squelch 82077 1.90 4.50 _—stereo power amplifier = 82527 
synthesiser COM 9729-1 4.— 9.60 _ light-sensitive switch 82528 
synthesiser power supply 82078 3.70 i tape playback preamp © 82539 
bus board 82079 3.35 sound effects generator 82543 
DNR noise reduction 82080 2.85 cavern Hot 
lead acid charger 82081 1.95. Power supply 9 
E84; APRIL 1982 E89; SEPTEMBER 1982 
dynamic RAM card 82017. 4.90 11.50 _rugby MSF receiver 80524 
100 W amplifier 82089-1260  6.— darkroom computer part | 
100 W power supply 82089-2240 5.50 keyboard 82141-1 
2114 RAM tester 82090 190 4.50 keyboard interface 82141-2 
connection tester 82092 1.55 3.50 display 82141-3 
front panels for Formant (E25 ,, . E35) simple function 
interface g721F 1.60 generator (E33, E38)  9453-F 
Vcr 9724-F 1.60 Elektor Artist (E85) 82014F 
ADSR 9725-F 1.60 
DUAL-VCA 9726-F 1.60 E 
LFOs 9727-F 1.60 NEW 
NOISE 9728-F 1.60 isi ! 
com 9729-F 1.60 Eo PY gon zee 


Complete set of 11 panels (includes 3 x VCO and 
2.x ADSR): £ 15.80 or $37.50 


24 dB VCF (E41) 9953-F 1,60 4— 
resonance filter 
module (E42) 9951-F 1.60 4— 


45 RPM records with uP programs 


singing SC/MP: well- 
known Christmas 


melodies, both as ESS002 140 3.60 
SC/MP program and 

‘live’ 

NIBL-E ESS004 1.40 3.50 
for SC/MP: Luna, 

basttoships, keypley, ESS005 2.20 5.50 


runtext, biorhythm 
tracer, disassembler 


ORDERING INFORMATION Payment must be in advance. 


1. For UK and all countries except the USA: payment, incl. £ 0.50 Postage and packing direct to Elektor Publishers Ltd., or via bank transfer 
to The Midland Bank Ltd., Canterbury, A/C no. 1 1014587, sorting code 40-16-11. 

2. For the USA only: Please make your cheque/money order payable to Elektor Publishers Ltd., Bank of America, c/o File No. 1504, 
1000 W. Temple, Los Angeles, Cal. 90074, A/C no. 12350-04207. Prices include post & packing, surface mail. If air mail, please add $ 1.50. 


1,65 
1,90 


4.05 
3.05 
10.05 
7.05 


2,50 
1.70 


1,90 


gas detector 82146 160 4.— 
house telephone system: 
main board 82147-1 3,— qe 
power supply 82147-2150 3.50 
three phase tester 82577. 2.70 ~—-«6.50 
TV games: 
‘rapid loader’ 82558-1 3.45 8 
EPROM plug-in board 82558-2195 4.50 
E90: OCTOBER 1982 
darkroom computer part II 
light meter 82142-1 1.75 

4.50 temperature meter 82142-2 1.60 

geo process timer 821423 2— 

. active antenna: 
R.F. board 82144-1155 
power supply 82144-2155 

9.50 digital thermometer 82156 2.15 

Feo wave shifter for SSB: 

Pade low frequency converter 82161-1 2.05 5— 

7 high frequency converter 82161-2 2.30 5.50 

6.— £91; NOVEMBER 1982 

11.— model train lighting 82157 4.05 9.50 

6.50 floppy disk controller 82159 4.70 11.— 

5.— guitar tuner 82167 2.20 5 | 
cerburus 82172 2.35 5.50 

8.— 

750 NEW 
£92: DECEMBER 1982 

12.— in-car ioniser 

boo power supply 82162 1.50 

3.50 main board 9823 4.20 

3.50 precision power supply 82178 4.05 
triopodus electrus diclopus 82179 2.95 

3.— crescendo 82180 4.60 

W— 

4.5 

‘= 

4— 

4— 

5.50 

3.50 

5.— 

15.— 

oi 

5.— 

5.50 

6= 

4— 

4.50 


cassette with uP programs 


\ ESs 007 


uP TV games: 

15 programs: jackpot, 
reversie, amazone, 
code breaker, etc. 


10.50 


uP TV games: 
15 programs: invaders, 

fishing, maze adventure, ¢ £55 009 
memory, pontoon, nim, 

etc. 


12,50 


NEW up TV games 


15 programs: aliens, 
flipper, helicopter, pilot, > ESS 010 
basketball, hangman etc. 


5.25 12.50 
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advertisement 


Classified ads 


1. Advertisements are accepted 
subject to the conditions appearing 
on our current rate card and on the 
express understanding that the 
Advertiser warrants that the advert- 
isement does not contravene any 
Act of Parliament nor is it an in- 
fringement of the British Code of 
Advertising Practice. 


2. The Publishers reserve the right 
to refuse or withdraw any advert- 
isement. 


3. Although every care is taken, 
the Publishers shall not be liable for 
clerical or printer's errors or their 
consequences. 


STEREO EFFECTS UNIT built and 
working: Elektor digital reverbs, extension 
boards, analogue phase/vibratos, digital 
phase/flanger/sewers, VUs, LED switching 
indication, 0dB in/out. Professional con- 
struction, presentation in West Hyde case, 
knobs. Parts cost £450, accept £300 inc 
VAT, carriage. Free with above, 5ch XLR, 
stereo out mic mixer, limiter (cost £ 90). 
IAN ANDERSON, 

101 GILBERTSON ROAD, 

LERWICK, SHETLAND, (0595) 5024. 


R & B ELECTIQUE 
1N4007 


Prices each. 

Postage & Packing £ 0.50 
R & B ELECTIQUE, 

3, SHUTE END, 
WOKINGHAM, 

BERKS. RG11 1BH. 
MAIL ORDER ONLY. 


PARAPHYSICS JOURNAL (Russian trans- 
lations): Psychotronic Generators, Kirliano- 
graphy, gravity lasers, Telekinesis. Details: 
S.A.E. 4x 9" to PARALAB, DOWNTON, 
WILTS. 


PRINTED CIRCUITS. Make your own 
simply, cheaply and quickly. Golden Fotolak 
Light Sensitive Lacquer — now greatly im- 
proved and very much faster. Aerosol cans 
with full instructions £ 2 25. Developer 35 p. 
Ferric Chloride 55 p. Clear Acetate sheet for 
master 14p. Copper-clad Fibreglass Board 
approx. 1mm thick £1.75 sq. ft. Post & 
packing 60p. 

WHITE HOUSE ELECTRONICS, 

P.O. BOX 19, 

PENZANCE, CORNWALL. 


T.V. 8CHANNEL touch tune and remote 
control. Set top or add-on. For details send 
S.A.E. to B. EWAN, 16 FAIR ACRES, HAR- 
WOOD, BOLTON BL2 3NT. 


ALARMS! 
WRITE OR PHONE FOR FREE 
ILLUSTRATED CATALOGUE NOW! 
A.D. ELECTRONICS 
217, WARBRECK MOOR, AINTREE 

LIVERPOOL per 
L9 oHV, 051 5238440 Eee) 


a 


CONDITIONS OF ACCEPTANCE OF CLASSIFIED ADVERTISEMENTS 


4. The Advertiser’s full name and 
address must accompany each 
advertisement submitted. 


The prepaid rate for Classified 
Advertisements is 20 pence per 
word (minimum 12 words). Semi- 
display setting £5.50 per single 
column centimetre (minimum 2.5 
cms.). All cheques, postal orders, 
etc. to be made payable to 
Elektor Publishers Ltd, Treasury 
notes should always be sent by 
registered post. Advertisements, 
together with remittance, should be 
sent to the Classified Advertisement 
Manager, Elektor Publishers Ltd., 
10 Longport, Canterbury, Kent 
CT1 1PE. 


THE SCIENTIFIC WIRE COMPANY 
PO Box 30, London, E.4, 01-531 1568. 


ENAMELLED COPPER WIRE 


SWG 1 Ib 80z 40z 202 

8 to 34 3,30 1,90 1,00 0,80 
35to39 3.52 2,10 1.15 0.85 
40t043 4,87 265 2,05 1.46 
44 to 47 8.37 5.32 3,19 2,50 
481049 15.96 9,58 6.38 3.69 


SILVER PLATED COPPER WIRE 


14 to 30 663 3.86 2.28 1.50 
TINNED COPPER WIRE 
14 to 30 3.97 2.41 1,39 0.94 


10x 10 Mtrreels 3 amp PVC cable mixed colours £5.00 

Prices include P&P, VAT. Orders under £2 add 20p, 
SAE for list of copper and resistance Wire, 

Dealer enquiries welcome, 


EXPERIMENTER’S PRINTED CIRCUIT KIT 
Build 50 Interesting Projects on a Printed Circuit Chassis 
with parts from your ‘Junk-Box'. 4 assorted Boards, 
Resist, Etchant, Solvent, Degreaser, Instruction Manual, 
plus ’60 Suggested Projects’ Circuits, Chassis Plans, Part 
Layouts for Radio Receivers, Transmitters, Amplifiers, 
Alarms, Instruments, Testers, Radio Control, Gadgets 
etc. Price: £ 2.50 Post & Pack, 50p. 
PHOTOELECTRIC ALARM KIT 
Phototransistor, Transistors, Diode, Relay, Resistors, 
Chassis & Case. Price: £ 4.50 Post & Pack. 50p. 
INVISIBLE-BEAM OPTICAL KIT 
for the above 2 lenses, 2 mirrors, 2 wooden blocks, 
Infra-red filter, lamp holder etc. Price: £3.70 Post & 
Packing 30p. 
Send S.A.E. for full details of all kits & circuits. 
EXPERIMENTAL ELECTRONICS 

336 Battersea Park. Road. London S.W.11 

tol. 01-720-2683 


MAKE YOUR OWN PRINTED CIRCUITS 


Etch Resist Transfers — Starter pack (5 sheets, lines, pads, | 
1.C, pads) £2.10. Large range of single sheets in stock at 


/e Transparencies from P.C, layouts in maga- 
zines by simple photographic process. 2 sheets negative 
paper, 2 sheets positive film (A4) £2.10. Photo-resist 
spray (200 ml) £3.50 (p + p G5p). Drafting Film (A4) 25p. 
Precision Grids (A4) 65p. 

22p stamp for lists and information, P&P 5Op per order 
except where indicated. 


P.K.G, ELECTRONICS 
OAK LODGE, TANSLEY, DERBYSHIRE. 


advertisers 
index 


Alcon Instruments Ltd. ..... 12-72 
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SUBSCRIPTION 
RENEWAL 
REMINDER 
TO ALL ELEKTOR 
SUBSCRIBERS 


In order to avoid missing any 1983 issues 
of Elektor, and to facilitate our subscrip- 
tion administration, please send your 
renewal payment by the middle of 
December 1982 with your subscription 
number which is on your address label. 
Methods of payment are included on 
your renewal card. 


1983 subscription rates are as follows: 
U 8. 


Elektor Publishers Ltd. 
10 Longport 
Canterbury 
Kent CT1 1PE 


classified ads 


CMOS TTL TTL contd. TTL LS contd. | OPTO OPTO contd. Transistors & 
4001 13p |7400 ~—13p |74173 sop |74L $162 35p | LEDs DISPLAYS ava 
4002 13p |7401_ = 13p 174174 50p |74LS163 35p |0.2” Bar Graph 295p 
4006 60p |7402- 13p 174175 0p |74LS164 45p | Reg 10p ge IN4007 
4007 13p | 7408 = 13p 174180 50p |74LS165  50p | Green 14p IN5401 THAMES VALLEY ELECTRONICS LTD 
7404. 13p. |74190 ~—- 60p |74LS168  60p ; Common Anode | 1n5404 
4008 50P |7405 = 14p 174191 Op |74LS169_ Op | Flashing LH. decimal point | | 549g CAPACITORS 
4010 — 30p | 7408 =. 20p |74192 700 |74L8170 70p | Red 82p Red 150P | inig14g Tant Beads 16v 
4011 13p | 7407 24p |74193 60p |74LS173 40p | Rectangular Green 2480 | inigi4 
4012 13p | 7408 14p 174194 60p }74LS174 45p | LEDs Yellow 260p 
4013 22» | 7409 14p J 74195 6p |74L8175 45p | Rea 22p IN916 
7410 14p | 74196 46p |74LS181 110p Common Cathode | BZY88C2V7 
4014 50p | 7411 14p 174197 50 Green 26P R.H. decimal point / 
Pp |74LS190 45p Hat PB BZY88C3V3 
4015 45p 7412 18p | 74221 ~—-75p}74LS191  45p | Yellow 22p Red 150p | gzygsc3ve 
4016 25p |7413. = -22p 174279 au Bi-Colour : 
P|74LS192 45p Green 248p | Bzveecav7 
4017 40p }7414 26 | 74290 60p|74LS193 45p] Red/Green 80P Voliow — 260p Tant Beads 35v 
4019 35p {7416 = 18p | 74298 = 60p |74LS194 50p | 9.195” P | BzyeEc6ve We aS 
7417 -22p BZY88C8V2 ag P 
4020 48/7450 16 74LS196  35P | Reg Mp 3” Bzya8 suf 13p 
4021 46P | 7421 -20p 748197 50P | Green 12p Red 1270'| povencie 22uf 13p 
4022 55p | 7425 20p | TTL LS 74LS240 70P} Yellow ——-12p. Green tap: Per ceele Poe 
4023 13p | 7426 27p |74LS00 14p}74LS241 70p BC107 sgcut 132 
4024 42p } 7427, —s 15p | 74LS01  14p |74L S244 70p TOGGLE BCIO7A/B 1p) OSu i 
4025 13p | 7430 15p |74LS02  14p |74L$245  80p LINEAR SWITCHES BC108A/B/C 11p 
4027 26p | 7432-182 | 74LS03 14p 745247 60p BC109A/B/C 12p 
7437 18p | 741804 14p |41 5949 agp |AM2533 2280p SPDT 48p | BC182 5p 47pf 5p 
402840 17438 18p | 741805 14p [74182 | waza 45 /none/off | 8C183 BR: 3220pF 268 
4029 60 |7439 =. 24p | 74LS08 = 14p |74LS251 40 Bi} Seeenensie 6p 
4030  13p|7440 6p |} 74LS09 4p |74LS253  35p| LM339 SSP | spTD 52» | BC184 Disc Ceramics 
4035 6p | 7442-24” 1 74/810 14p|74LS256 55p | LM358 75P | on/off/on BC212 .0150v 2p 150v 5p 
4040 5cp | 7445 50P | 741811 14p|74L $257 40p| “M3900 55p BCY70 PP 
d042 400 [aay Sep [asia 21p|7445258.#0Plitsage gion] POT 86D | Bava SPECIAL 
P 17448 55p |74LS15 14p Pp on/none/off 
4047 0p |7450 15p | 741820 14p|74LS260 30p|MCN45B 0p) A A | BRY5O oFFER 
4049 20p | 7451 15p | 741821 14p|74LS266  22p|MC1488 61p BFYS1 
4050 20p | 7453 15p | 741826 14p|74L8273 6Op|MC1489 —8Op |_on/off/on__| BFY52 
4051 50p | 7454 15p TALS27 4 17418279 40p | MC 1496 60p PE TIP29/A New Item 
4052 60 [4479 302 | 7ALS28 220 |7a41s2e3 aop|MC3418 810 SPECIAL | tie30/a UNIVERSAL 
4053 50p |7473 -25p | 74LS32  14p|74LS290 34p| NESSS 30p | 2N 3055 10 for 450p | TIPST/A BATTERY 
4066 © 28p | 7474. =~ 22p | 74LS33  14p|74LS293  34p | NESSB 61b | Micro’s Memories | T!P32/A CHARGER 955p 
4067 447p 7406 23p 74/837 19p|74LS295  52p Lier ae & Specials ee Shia GIOEG eaeaa 
747 Pp |74LS38 14p/74LS299 111 Pp 1P42/A while stocks last only 
4068 13? 17483 47 | 741840 19] Jareg99 ‘gon |TBAB20 90 | Sera crore ree? | 2Nz08 _24p if Resistors Carbon Film % watt 
4070 13 | Jape goo | Jargao ach | 74S OB aaa ZB0ACTCPS440p LOW VALUE PACKS 
4071 13p. [7486 25m | 94c847 4p] 74LS323. 130p Le Aeee Z80APIOPS 440p Lan oe Pack of 200 
4076 50 }7490 26p | 74L848 44p|74LS347 S5p] 2600 ZBOADARTPS | o219/A 2p (mixed values) 100p 
4081 13p | 7491 45p |74LS51 = 14p | 74LS352 60p 550p Pack of 2000 


5492, gen | pases: 445s TDA2020 320p ‘ 2N2221/A 24d, 
4086 45p [7492 38> | 74LS54 14) 74.8359 GOp|TPAINND 320 | zaoasiors 44dp |2NZ2VA 340 
4083 30 7495 © GOp | 7aLSa3 4p | Mr S305 30 | cL oracp Bap | SO8OR 335 | ao904/A 29 
4098 70p |aa6 ach | Jaceea 148 | 74LS366  35p P| B035HL 5 00p 


(mixed values) 300p 


other values 
pack of 10 15p 


TL497 300) 2N2905A —28p kof 100 100 

4503 429 |74107 5p | 7ac890 30p|74L8367 30p| F497 0 | 8085A4 —500p |>\oanca 28 pack of 100 100p 
4510 52p |74121 20 | 741892 30p| 7418368 30p) Y P | 82024 2200p | 2NZ00GA 28 
4511 45p |74122 3p | 74/893 30p|74LS373  75p | VAT47 70P | g253 7505'|SnaoRs See 2p 
4512 60p |74123 40p |74LS95  40p | 74L$374  75p | UA7805 45p | 8255 299p PT api 9p 28pin 25p 
4516 0p | 44125 38P | 74LS109 400 | 7419375 40p]UA7812 45 | g254 310p | 2N3055 AGP He, Gp 40pin 28 

P 174126 38» | 74/8112 30p UA7905. «Bap NP 123442 130p Sp P 
4518 40 |74132 30n | ratsi1a 30p|74US377 70p| ATEN SAP | g224 250p |Onazis ‘7 PPI Up 
4520 6Op 74145 5Op | 7418125 28p|74LS378 60p| ayy | ore ou Phd CGARGAIN OFFER 
4528 64p | 74150 90p | 74LS126 28p|74LS379 60p Py} ICL7106 — 795p 2732 250ns 


4539 64p }74151 4p | 74LS132  40p}74LS390 Sop} ULN2003AN 100p | icL7107 — 975p 


1off 520p 10o0ff 470p 


4555 45p | 74153 45p | 7418133 25p|74LS393 0p 2732A-4 520p Plus Postage & Packing 45p 
4556 45p |Jates de | sarees 30P|74L8395 48p 2114A(450ns) Please add VAT at 15% 
40014 50p 174157 35p | 7415139 30p 74LS447 45p| Bridge Rectifiers 100p |‘D’ TYPE Government and Educational 
40085 70p |74158 30p|74LS151 40p 74LS490 64p| 50v 1.5A 23p | 2716 340p |Connectors establishments orders accepted. 
40097 60p | 74161 45p | 74LS153 40p]74LS502 80p| 200V1.5A 22p | 2764 1592p ml. fml. ae 


: : Wg TO_NEW 
40098 60p {74163 45p | 74LS155 45p|74LS503 90p] 400v 1.54 30p | M108 single chip | 9 58> 78 M g 
74164 60p | 74LS156  45p| 7415533 80p] 600v 1.54 32p] organ 1330p ]15 — 78 1.12 OVINE Premises 


40161  55p 
40163 55p | J4185 = S5p | 74LS157 30P | 741 5534 gop| B00v1.5A 35p 25 1.10p 1.60p Nov Ist 1982 
P 174166 70p | 74LS158 30] i 47 eeay ag re is . c) 

40175 60p |74167 120p |74LS160 35p Pp MO! one 37 1.148 2.63p 
40193 60p 174170 120p !74LS161 35p!74LS670 100p generator 300p | 50 — 1.97» 3.02» 


PHONE US TO CHECK AVAILABILITY OF COMPONENTS MENTIONED IN THIS ISSUE 


Thames Valley eee es 


Telephone Burnham 


Electronics Litc|(06286)6588se2\"/ 


Nearly 400 pages of all the most useful 
components and a whole big new section 
devoted to home computers and personal 
software. As always the catalogue keeps you 
up-to-date with the latest technology — even 
our ordinary miniature resistors are now 
superb quality 1% tolerance metal film, yet 
they're still only 2p each. As well as our usual 
quality products at low prices, now we're 
offering quantity discounts too. So pick up a 
copy of our catalogue now — it's the biggest 
and the best! 


ey 


Post this coupon now for your copy of our 1983 | 
catalogue, price £1.25 + 25p p&p. If you live outside the 
UK send £1.90 or 10 International Reply Coupons. 

| enclose £1.50. | 
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THE NEW 
MAPLIN 
CATALOGUE 


FOR 1983 


BRINGS YOU 


RIGHT UP- 


TO-DATE IN 


ELECTRONICS 


& COMPUTING 


See us at the UK's new electronics exhibition — 
The Electronic Hobbies Fair — at the Alexandra 
Pavilion from 18th to 21st November. (Special 
bus from Alexandra Palace BR station and FREE 
car park in Alexandra Palace park!). The exhibition 
covers electronics, computing, amateur radio, 
CB, practical hi-fi and radio control modelling. 


NIA PLIIN 


ELECTRONIC SUPPLIES LTD 
P.O. Box 3, Rayleigh, Essex SS6 8LR. 


Telephone: Southend (0702) 552911/554155 

Shops at: 

159-161 King Street, Hammersmith, London W6 Tel: (01) 748 0926 
Lynton Square, Perry Barr, Birmingham. Telephone: (021) 356 7292 


284 London Road, Westcliff-on-Sea, Essex. Tel: (0702) 554000 
All shops closed Mondays 


